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I CLAIM: 

1 . A system of computing and rendering the nature of at least one specie selected from a 
group of diatomic molecules having at least one atom that is other than hydrogen, polyatomic 

5 molecules, molecular ions, polyatomic molecular ions, or molecular radicals, or any 
functional group therein, comprising physical, Maxwellian solutions of charge, mass, and 
current density functions of said specie, said system comprising: 

processing means for processing physical, Maxwellian equations representing charge, 
mass, and current density functions of said specie; and 
10 an output device in communication with the processing means for displaying said 

physical, Maxwellian solutions of charge, mass, and current density functions of said specie. 

2. The system of claim 1 wherein the output device is a display that displays at least one of 
visual or graphical media. 

15 

3. The system of claim 2 wherein the display is at least one of static or dynamic. 

4. The system of claim 3 wherein at least one of vibration and rotation is be displayed. 

20 5. The system of claim 4 wherein displayed information is used to model reactivity and 
physical properties. 

6. The system of claim 5, wherein the output device is a monitor, video projector, printer, or 
three-dimensional rendering device. 

25 

7. The system of claim 6 wherein displayed information is used to model other species and 
provides utility to anticipate their reactivity and physical properties. 

8. The system of claim 7 wherein the processing means is a general purpose computer. 

30 

9. The system of claim 8 wherein the general purpose computer comprises a central 
processing unit (CPU), one or more specialized processors, system memory, a mass storage 
device such as a magnetic disk, an optical disk, or other storage device, an input means. 
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10. The system of claim 9, wherein the input means comprises a serial port, usb port, 
microphone input, camera input, keyboard or mouse. 

5 11. The system of claim 10 wherein the processing means comprises a special purpose 
computer or other hardware system. 

12. The system of claim 1 1 further comprising computer program products. 

10 13. The system of claim 12 further comprising computer readable medium having embodied 
therein program code means. 

14. The system of claim 13 wherein the computer readable media is any available media 
which can be accessed by a general purpose or special purpose computer. 

15 

15. The system of claim 14 wherein the computer readable media comprises at least one of 
RAM, ROM, EPROM, CD ROM, DVD or other optical disk storage, magnetic disk storage 
or other magnetic storage devices, or any other medium which can embody the desired 
program code means and which can be accessed by a general purpose or special purpose 

20 computer. 

16. The system of claim 15 wherein the program code means comprises executable 
instructions and data which cause a general purpose computer or special purpose computer to 
perform a certain function of a group of functions. 

25 

17. The system of claim 16 wherein the program code is Mathematica programmed with an 
algorithm based on the physical solutions, and the computer is a PC. 

18. The system of claim 17 wherein the algorithm is ParametricPlot3 D[{2*Sqrt[l- 

30 z*z]*Cos[u],Sqrt[(l-z*z)]*Sin[u],z},{u,0,2* Pi},{z,-1,.9999}], and the rendering is viewed 
from different perspectives. 
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19. The system of claim 18 wherein the algorithms for viewing from different perspectives 
comprises Show[Out[l], ViewPoint->{x,y,z}] where x, y, and z are Cartesian coordinates. 

20. The system of claim 19 wherein the physical, Maxwellian solutions of the charge, mass, 
5 and current density functions of said specie comprises a solution of the classical wave 

equation [v 2 -— — lp(r, 64,i) = 0 which is the equation of motion of the charge. 

L v 2 a 2 J 

21. The system of claim 20 wherein the boundary constraint of the wave equation solution is 
nonradiation according to Maxwell's equations. 

10 

22. The system of claim 21 wherein the boundary condition is met for an ellipsoidal-time 
harmonic function when 

7th h 
n m e A m e ab 

where the area of an ellipse is 

15 A = Ttab 

where 2b is the length of the semiminor axis and 2a is the length of the semimajor axis. 

23. The system of claim 22 wherein the specie charge and current density functions, bond 
distance, and energies are solved from the Laplacian in ellipsoidal coordinates: 

with the constraint of nonradiation. 

24. The system of claim 23 wherein each bond of the said specie defined as a molecular 
orbital (MO) has the ellipsoidal charge-density function given by 

q 1 



25 <r = 



a b c 



25. The system of claim 24 wherein the bonds of the said specie defined as a molecular 
orbital (MO) has the charge-density function comprising a linear combination of ellipsoids 
wherein the charge density of one said ellipsoid is given by 
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1 



a - — = 

A?vabc x * y * z * 



26. The system of claim 25 wherein the equation of motion has the parametric form 

r{i)— iacostftf + \bsina>t 

5 

27. The system of claim 26 wherein he force balance of the hydrogen-type molecular ion 
ellipsoidal MO is given by 

m e a h SttSq 
a — 2a Q 

10 

28. The system of claim 27 where the force constant k of a H* -type ellipsoidal MO due to 
the equivalent of two point charges of at the foci is given by: 

2e 2 



^718 „ 



1 5 29. The system of claim 28 wherein the distance from the origin of the H 2 -type-ellipsoidal- 
MO to each focus c } is given by : 



aa 0 



me 2 2a V 



30. The system of claim 29 wherein the internuclear distance 2c ' is given by: 



20 2c' = 2 A /aa ^ 



31. The system of claim 30 wherein the length of the semiminor axis of the prolate spheroidal 
H 2 -type MO b = c is given by: 

25 
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32. The system of claim 31 wherein the length of the semiminor axis of the prolate spheroidal 
H 2 -type MO b = c is given by: 

e = — 
a 



5 33. The system of claim 32 wherein the internuclear distance, 2d , which is the distance 
between the foci is 
2c' = 2a 0 ; 
the semiminor axis is 
, and 

10 the eccentricity, e/is 
1 

e= — . 
2 

34. The system of claim 33 wherein the potential energy of the electron in the central field of 
the protons at the foci is 



■4e 2 t a + ^a 2 -b 2 
rln- 



87rs 0 ^a 2 -h 2 a-4a 2 -b 1 



8tts 0 c ' a — c' 
■ -4e 2 



8ne 0 a H 



In 3 = -59.7575 eV 



The potential energy of the two protons is 

2 2 

V = . = 13.5984 eV; 

Kneja 2 -b 2 %n£ 0 a H 

The kinetic energy of the electron is 

T- f h a+ ^Eg — ^-h.3-29.87«7 .r.md 

m e a-4a 2 -b 2 a-^Ja 2 - b 2 %ne 0 a H 

20 The total energy, E T , is given by the sum of the energy terms: 

E T =V e +T + V p 



WO 2007/051078 



PCT/US2006/042692 



-e 



87V£ 0 ^Ja 2 ~b 2 



844 

^ a J a-y/a 2 -b 2 



—e 



S7ve 0 a ff 



(41n3-l-21n3) 



= -16.2803 eV 

wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 



35. The system of claim 34 wherein during bond formation, the electron undergoes a 
reentrant oscillatory orbit with vibration of the protons, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 



E osc = E D + E Kvib = ( V e + T + V p ) J ^ + | ft J - , and 



\2E r . 1 . | k_ 



10 The total energy is 



E T =V e +T + V p +E osc 



E T = — ■ 



Z7ts 0 a H 



(41n3-l-21n3) 



1 + 



1 



2^ 


2e 2 


4ne 0 (2a H f 




m e c 2 



2 Vfi 



-16.2803 eF-0.118811 eF + -^(0.29282 eV) 



= -16.2527 eV 

wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to + 10%, if desired. 



15 



36. The system of claim 35 wherein the bond dissociation energy, E D , is the difference 
between the total energy of the hydrogen atom and E T : 
E D = E(H)- E T =2.654 eV 
20 wherein the total energy of a hydrogen atom is 

E(H) = -13.59844 eV , wherein the calculated and measured values and constants recited in 
the equations herein can be adjusted, for example, up to + 10%, if desired. 
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37. The system of claim 36 wherein the H% -type ellipsoidal MO and the hydrogen atomic 
orbital (AO) serve as basis functions for the MOs of specie. 



38. The system of claim 37 wherein the MO must (1) be a solution of Laplace's equation to 
give a equipotential energy surface, (2) correspond to an orbital solution of the Newtonian 
equation of motion in an inverse-radius-squared central field having a constant total energy, 
10 (3) be stable to radiation, and (4) conserve the electron angular momentum of ti . 



39. The system of claim 38 wherein the potential energy of electron in the central field of the 
protons at the foci is 

~4e 2 



rln 



a 4- 4a 2 



-In 



a + c' 



Strega 2 -b 2 a-4a 2 -b 2 8ot 0 c' a-c'' 
15 The potential energy of the two protons is 



V p= T% 

$7te n \ja 



87V£ Q C ' 



The kinetic energy of the electron is 



2h 2 



aWa 2 -6 2 



2h 2 



-In 



and 



m e a4a 2 -b 2 a-^a 2 -b 2 m e ac* a-c 1 
The total energy, E T , is given by the sum of the energy terms 



20 



E T =V e +T + V p 



—e 



87te 0 «Ja 2 -b 2 



r 



4-~ 



In 



a + 4a 2 



a-4a 2 -b 2 



%7t£C 1 



4-i) 



In 1 

a — c' 



40. The system of claim 39 wherein during bond formation, the electron undergoes a 
reentrant oscillatory orbit with vibration of the protons, and the corresponding energy E osc is 
25 the difference between the Doppler and average vibrational kinetic energies: 

' 1 



E G sc=E D +E Kvib =(V e +T + V p y 



r 2E ^r +— ft /— , and 
] Mc 2 2 V/i 
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The total energy is 



E T =V e +T + V p +E osc 



—e 



&7USC 1 



a 



a* 



1 + 





2e 2 


2h^ 


4m 0 [of 



mc 




5 41. The system of claim 40 wherein the force balance equation derived of a H 2 -type 
ellipsoidal MO is given by 



^-r^ = ~ J - — t d + 

m a a b 2 %7tsab l 2m a h 



a Q 

a- — 
P 

42. The system of claim 41 where the force constant kofaH 2 -type ellipsoidal MO due to 
10 the equivalent of two point charges of at the foci is given by: 

2e 2 



43. The system of claim 42 wherein the distance from the origin of the H 2 -type-ellipsoidal- 
MO to each focus c ' is given by : 



15 c^aJ^L^JSSL 

\| m„e 2a 



44. The system of claim 43 wherein the internuclear distance 2c ' is given by: 



2c' = 2 » 



20 

45. The system of claim 44 wherein the length of the semiminor axis of the prolate spheroidal 
H 2 -type MO b = c is given by: 
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46. The system of claim 45 wherein the length of the semiminor axis of the prolate spheroidal 
H 2 -type MO b = c is given by: 

a 

5 

47. The system of claim 46 wherein the internuclear distance, 2d ? which is the distance 
between the foci is 

2d = 42a Q ; 
the semiminor axis is 

the eccentricity, e 9 is 
1 

48. The system of claim 47 wherein the potential energy of the two electrons in the central 
1 5 field of the protons at the foci is 

-2e 2 , a + y/a 2 -b 2 _ 
V e = . In . = -67.8358 eV ; 

%nsja 2 -b 2 a-4a 2 -h 2 
The potential energy of the two protons is 

V= . =19.2415 eV; 

P S^ja 2 ^ 2 

The kinetic energy of the electrons is 



20 T = ^L_ln^^2 = 33.9179 eV , and 

2m e ayja 2 -b 2 a- \ja 2 - b 2 

The energy , V m 9 of the magnetic force between the electrons is 

V m = =^_ln^^2 = -16.9589 eV , and 

4m e ay/a 2 -b 2 a~-Ja 2 -b 2 

The total energy, E T 9 is given by the sum of the energy terms: 
E T = V e +T + V m +V p 
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2p 



848 

2 A 

2 



= -i? 2 31.63 



wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to + 10%, if desired. 

5 49. The system of claim 48 wherein during bond formation, the electrons undergo a reentrant 
oscillatory orbit with vibration of the protons, and the corresponding energy E osc is the 
difference between the Doppler and average vibrational kinetic energies: 

2E r 1. IT 



Ks< = E D+ E Kvib = (V e +T + V m +V p )Jjfc +f hfi , and 



The total energy is 



10 



E T =V e +T + V m +V p +E osc 



E T = — - 



2J2-J2+— 
2 



In 



V2+1 
V2-1 



-V2 







e 2 














m e 


-ijl' 

2 V ju 


m e c 2 



= -31.635 eV -0326469 eV + ^(0.56764 eV) 
= -31.6776 eV 

wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 



1 5 50. The system of claim 49 wherein the bond dissociation energy, E D 9 is the difference 
between the total energy of the hydrogen atoms and E T : 

E D = E(2H[a H }-E T = 4.478 eV 
wherein the total energy of two hydrogen atoms is 

E(2H\a H ^ = -27.21 eV, wherein the calculated and measured values and constants recited 
20 in the equations herein can be adjusted, for example, up to ± 10%, if desired. 



51. The system of claim 50 wherein the # 2 -type ellipsoidal MO and the hydrogen atomic 
orbital (AO) serve as basis functions for the MOs of the specie. 
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52. The system of claim 51 wherein the MO must (1) be a solution of Laplace's equation to 
give a equipotential energy surface, (2) correspond to an orbital solution of the Newtonian 
equation of motion in an inverse-radius-squared central field having a constant total energy, 
(3) be stable to radiation, and (4) conserve the electron angular momentum of Ti . 



53, The system of claim 52 wherein the potential energy of the two electrons in the central 
field of the nuclei at the foci is 



-2e 2 



In 



a + ^fa 2 



8xeJa 2 -b 2 a~4a 2 -b 2 



The potential energy of the two nuclei is 

2 



10 



P %7CS Q 4a 2 -b 2 ' 
The kinetic energy of the electrons is 



h 1 



Im.a^Ja 2 



and 



~ 2 b 2 a-4a 2 ~b 2 
The energy, V m , of the magnetic force between the electrons is 

-h 2 



, a + 4a 2 -b 2 
rln , and 



Am e a4a 2 -b 2 a-4a 2 -b 2 
1 5 The total energy, E r , is given by the sum of the energy terms: 



E T =V e +T + V m +V a 

i e m p 



E T — — '■ . 

8x£ n sja 2 -b 2 



a ) a-yja 2 -b 2 



-1 



o v LA 



C 



a ) a — c x 



54. The system of claim 53 wherein during bond formation, the electrons undergo a reentrant 
20 oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is the 
difference between the Doppler and average vibrational kinetic energies: 

E osc =E D +E Kvlb =(V e +T + V m+ V p ) + 1 , and 

The total energy is 

.E T =V e +T + V m +V p +E osc 
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%7CS 0 C ' 



a-c' 




55. The system of claim 54 wherein during bond formation, the electrons undergo a reentrant 
oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is the 
5 difference between the Doppler and average vibrational kinetic energies: 

E osc = E D + E Kvib = (V e + T+V m + V p )^ + \ H ^ ' 

The total energy is 

E T =V e +T + V m +V p +E osc 




10 

56. The system of claim 55 wherein the energy of the MO is matched to that of the outermost 
atomic orbital of a bonding heteroatom in the case where a minimum energy is achieved with 
a direct bond to 1he AO. 

15 57. The system of claim 56 wherein the MO is continuous with the AO containing paired 
electrons that do not participate in the bond, and said paired electrons provide a means for the 
energy matched MO to form a continuous equipotential energy surface. 

58. The system of claim 57 wherein an independent MO is formed such that the AO force 
20 balance causes the remaining electrons to be at lower energy and a smaller radius. 

59. The system of claim 58 wherein at least two atomic orbital hybridize as a linear 
combination of electrons at the same energy in order to achieve a bond at an energy 
minimum. 
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60. The system of claim 59 wherein at least two atomic orbital hybridize as a linear 
combination of electrons at the same energy in order to achieve a bond at an energy 
minimum. 

5 

61. The system of claim 60 wherein at least two atomic orbitals hybridize as a linear 
combination of electrons at the same energy in order to achieve a bond at an energy 
minimum, and the sharing of electrons between two or more such orbitals to form a MO 
permits the participating hybridized orbitals to decrease in energy through a decrease in the 

1 0 radius of one or more of the participating orbitals. 

62. The system of claim 61 where the force constant of a H 2 -type ellipsoidal MO due to 
the equivalent of two point charges of at the foci is given by: 



15 where c x is the fraction of the iT^-type ellipsoidal MO basis function of a chemical bond of 
the specie and c 2 is the factor that results in an equipotential energy match of the 
participating at least two molecular or atomic orbitals of the chemical bond. 

63. The system of claim 62 where the distance from the origin of the MO to each focus c' is 
20 given by: 




the internuclear distance is 




the length of the semiminor axis of the prolate spheroidal MO b = c is given by 



25 



b = Vtf 2 ~c' 2 , and 



and, the eccentricity, e , is 



e = — 
a 
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64. The system of claim 63 wherein the potential energy of the two electrons in the central 
field of the nuclei at the foci is 

a + 4a 2 -b 2 



-2e 2 



rln- 



%7tsja 2 -b 2 a-^a 2 -b 2 
The potential energy of the two nuclei is 

v 



The kinetic energy of the electrons is 
T = /^c,c 2 



h 2 



. a + y/a 2 -b 2 , 
In r , and 



2m e a4a 2 -b 2 a-4a 2 ~b 2 '' 
The energy, V m , of the magnetic force between the electrons is 



V m = "l C l C 2 



-h 2 



a + 4a 2 



, and 



Am e a^]a 2 -b 2 a-y/a 2 -b 2 
10 The total energy, E T , is given by the sum of the energy terms: 



E r =V e +T + V m +V p 



8xs„Ja 2 -b 2 



CiC r 2 _^v^^Z-i 

I a) a-ja 2 ^ 2 



I _ a 0 V a + c' , 

c,c 2 2 — 2- In — 1 

a J a-c' 



where ^ is the number of equivalent bonds of the MO, c, is the fraction of the H 2 -type 

ellipsoidal MO basis function of a chemical bond of the specie, and c 2 is the factor that 

15 results in an equipotential energy match of the participating at least two molecular or atomic 
orbitals of each chemical bond. 



65. The system of claim 64 wherein during bond formation, the electrons undergo a reentrant 
oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is the 
20 difference between the Doppler and average vibrational kinetic energies: 

Ksc=E D+ E Kvib =(V e + T + V m+ V p )^ + r h U ) jl, and 

The total energy is 

E T =V e +T + V m +V p +E osc 
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where n x is the number of equivalent bonds of the MO, c x is the fraction of the # 2 -type 

ellipsoidal MO basis function of a chemical bond of the specie, and c 2 is the factor that 

results in an equipotential energy match of the participating at least two molecular or atomic 
5 orbitals of each chemical bond. 

66. The -system of claim 65 wherein during bond formation, the electrons undergo a reentrant 
oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is the 
difference between the Doppler and average vibrational kinetic energies: 

0 E ose =E D + M Kvib =(V e +T + V m +Vp )^ + r h U^, and 

The total energy is 



-4 h i 

where j\ is the number of equivalent bonds of the MO, c x is the fraction of the H 2 -type 

15 ellipsoidal MO basis function of a chemical bond of the specie, and c 2 is the factor that 

results in an equipotential energy match of the participating at least two molecular or atomic 
orbitals of each chemical bond. 

67, The system of claim 66 wherein a hybridized shell comprises a linear combination of the 
20 electrons of at least two atomic-orbital shells. 

68. The system of claim 67 wherein the radius of the hybridized shell is calculated from the 
Coulombic energy equation by considering that the central field decreases by an integer for 



a 



a~c 



1 + 



2h 



\ 3 



E T — ■ 



a 



a~c* 
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each successive electron of the shell and the total energy of the shell is equal to the total 
Coulombic energy of the initial AO electrons. 



69. The system of claim 68 wherein the total energy E T [atom, rnsp 3 ) (m is the integer of the 
5 valence shell) of the AO electrons and the hybridized shell is given by the sum of energies of 

successive ions of the atom over the n electrons comprising total electrons of the at least two 
AO shells 

70. The system of claim 69 wherein the radius r ms 3 of the hybridized shell is given by: 



msp 

Z-l 

msp J 



10 r ms ,= Z (2 T g)g2 . 

msp q=z-„ 8xe 0 E T ( atom, rnsp 2 J 



71. The system of claim 70 wherein the Coulombic energy E Cou[omb (atom^msp 3 ) of the outer 
electron of the atom msp 2 shell is given by 

E couio,nb (atom,msp 3 ) = - 



-e 2 



%7V£ n r , 

u msn 



msp 

15 



72. The system of claim 71 wherein the during hybridization at least one of the spin-paired 
AO electrons is unpaired in the hybridized orbital (HO) and the energy change the promotion 
to the unpaired state is the magnetic energy E(magnetic) at the initial radius r n of the AO 
electron: 

20 £(^c)=^M 



m 



to) 3 (O 3 



73. The system of claim 72 wherein the energy E {atom, msp*} of the outer electron of the 
atom msp 3 shell is given by the sum of E Coulomb (atom, msp 3 ) and E (magnetic) : 

E ( atom, msp 3 ) = - 



-e ^ 2/rjU Q e ft 

%7ts 0 r 3 m 2 (rf 

u msp* "*e \ n J 

25 



WO 2007/051078 



PCT/US2006/042692 



855 



74. The system of claim 73 wherein at least two atomic orbitals hybridize as a linear 
combination of electrons at the same energy in order to achieve a bond at an energy 
minimum, and the sharing of electrons between two or more such hybridized orbitals to form 
a MO permits the participating hybridized orbitals to decrease in energy through a decrease in 
5 the radius of one or more of the participating orbitals; the total energy of the hybridized 

orbitals is given by the sum of E [atom, msp 3 ^) and the next energies of successive ions of the 

atom over the n electrons comprising total electrons of the at least two initial AO shells; is the 
sum of the first energy of the atom and the hybridization energy. 

10 75. The system of claim 74 wherein the sharing of electrons between two atom msp 3 HOs to 
form an atom L atom-bond MO permits each participating hybridized orbital to decrease in 
radius and energy. 

76. The system of claim 75 wherein in order to further satisfy the potential, kinetic, and 

1 5 orbital energy relationships, each atom msp 3 HO donates an excess of 25% per bond of its 
electron density to the atom-atom-bond MO to form an energy minimum wherein the atom- 
atom bond comprises one of a single, double, or triple bond. 

77. The system of claim 76 wherein the radius of the hybridized shell is calculated from the 
20 Coulombic energy equation by considering that the central field decreases by an integer for 

each successive electron of the shell and the total energy of the shell is equal to the total 
Coulombic energy of the initial AO electrons and the hybridization energy. 



78. The system of claim 77 wherein the total energy E T (moLatom,m$p 3 ) (m is the integer of 



25 the valence shell) of the HO electrons is given by the sum of energies of successive ions of 
the atom over the n electrons comprising total electrons of the at least two initial AO shells 
and the hybridization energy. 



79. The system of claim 78 wherein the radius r 3 of the hybridized shell is given 
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where s = 1,2,3 for a single, double, and triple bond, respectively. 



80. The system of claim 79 wherein the Coulombic energy E Coulomb {mohatom.msp 3 ^ of the 
outer electron of the atom msp 3 shell is given by 

^coulomb [moLatom, msp 3 ) = - 



-e 2 



87T£ 0 r 3 



8 1 . The system of claim 80 wherein the during hybridization at least one of the spin-paired 
AO electrons is unpaired in the hybridized orbital (HO) and the energy change the promotion 
to the unpaired state is the magnetic energy EQnagnetic) at the initial radius r n of the AO 
10 electron: 

2^2 « „ „2 



82. The system of claim 81 wherein the energy E{mol .atom, msp 3 ) of the outer electron of 
the atom msp 3 shell is given by the sum of E Coulomb {moLatom.msp 3 ^ and E(magnetic) : 



15 £ moLatom, msp = + — — — r 



83. The system of claim 82 wherein E T {atom - atom, msp 3 ) , the energy change of each 
atom msp 3 shell with the formation of the atom-atom-bond MO is given by the difference 
between E {moLatom, msp 3 ) and E{atom, msp 3 ) . 

20 E T [atom - atom, msp 3 ) = E{mol.atom, msp 3 )-E (atom^ msp 3 ) 

84. The system of claim 83 wherein to meet an energy matching condition for all MOs at all 
HOs, the energy E(mol.atom,msp 3 } of the outer electron of the atom msp 3 shell of each 

bonding atom must be the average of E [moLatom, msp 3 ) for two different values of s : 

, v E imol (s x ) , msp 3 ) + Eimol (s 2 ) , msp 3 ) 
25 E[moU msp 3 ) = — * V 1,9 F } * V 2h F } (14,5 12) 
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85. The system of claim 84 wherein E T [atom - atom,msp 3 }, the energy change of each 
atom msp 3 shell with the formation of each atom-atom-bond MO, is average of 

E T [atom - atom, msp 3 ) for two different values of s : 

, E T [atom - atom [s x ) , msp 3 ) + E T [atom - atom [s 2 ) , msp 3 ) 
5 E T [atom - atom, msp J = — 

86. The system of claim 85 wherein the radius r 3 of the atom msp 3 shell of each bonding 
atom is given by the Coulombic energy using the initial energy E Coulomb [atom, msp 3 ) and 
E T [atom - atom, msp 3 ) , the energy change of each atom msp 3 shell with the formation of 

10 each atom-atom-bond MO: 

r 3 = t ; ; — (14-514) 

msp 



%7ts Q a 0 [E Coulonb [atom, msp 3 ) + E T [atom - atom, msp 3 )) 



87. The system of claim 86 wherein the Coulombic energy E Coulomb [moLatom,msp 3 ) of the 
outer electron of the atom msp 3 shell is given by 



1 5 ^coulomb [molatom, msp 3 ) - 



y msp 



88. The system of claim 87 wherein the during hybridization at least one of the spin-paired 
AO electrons is unpaired in the hybridized orbital (HO) and the energy change the promotion 
20 to the unpaired state is the magnetic energy E (magnetic) at the initial radius r n of the AO 
electron: 

™ e {r„) {r„) 



25 89. The system of claim 88 wherein the energy E[molxitom, msp* ) of the outer electron of 
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the atom msp 3 shell is given by the sum of E Coulomb {molatom^msp 3 ) and E(magnetic) : 



_/ T 3 \ — e Injure ft 
E\moLatom,msp = 1 — — r 



90. The system of claim 89 wherein E r [atom - atom, msp 3 ) , the energy change of each 

5 atom msp 3 shell with the formation of the atom-atom-bond MO is given by the difference 
between E{mol.atom,msp 3 ^and E{atom,msp 3 } . 

E T {atom - atom, msp 3 ) = E {moLatom, msp 3 ) - E {atom, msp 3 ) 

91. The system of claim 90 wherein E Coulomb {moLatom,msp 3 ^ is one of is one of 

1 0 ^Coulomb ( C ethylene > ) > ^Coulomb ( C ethane > ) J ^Coulomb ( Qccorfane » 2-Sp 3 ) , and 

^Coulomb ( Calkane > ^ S P ) ' 

£ c «^(" tow >^ 3 ) is one of £ Cott/om6 (C,2jp 3 ) and £ Coilta6 (c/,3ap 3 ); 
£ {mot. atom, msp 3 ) is one of E {C ethylene , 2 jp 3 ) , £ (C e ^ ne , 2sp 3 ) 5 

1 5 E {atom, msp 3 ) is one of and E (c, 2sp 3 ) and E (C7, 3sp 3 ) ; 

E T {atom - atom, msp 3 ) is one of E (C - C, 2sp 3 ) , £ (C = C,2sp 3 ) , and. 

^(c-c 5 26p 3 ); 

msp 3 is one of Clsp 3 , CISsp 3 
E T {atom - atom {s Y ) , msp 3 ) is E T {C-C, 2sp 3 ) and £ r ( atom - afom (s 2 ) , msp 3 ) is 

20 £ r (C = C,2.yp 3 ),and 

r msp 2 * S °^ T C2sp 2 ? r ethane2sp 3 9 * * ethylenelsp* 3 ' * acetylene!*?* 9 ? "alkanelsp 3 3 r C/3^ 3 5 



25 



92. The system of claim 91 wherein the energy of the MO is matched to that of the outermost 
atomic orbital or hybridized orbital of a bonding atom in the case where a minimum energy is 
achieved with a direct bond to the AO or HO. 



WO 2007/051078 



PCTYUS2006/042692 



859 

93. The system of claim 92 wherein the potential energy of the two electrons in the central 
field of the nuclei at the foci is 



K = "l C l C 2 



-2e 2 . a+y]a 2 -b 2 



.In 



' 2 Znsja 2 -b 2 a - 4a 2 -b 2 
5 The potential energy of the two nuclei is 

Vp=rh S^a 2 -b 2 ' 
The kinetic energy of the electrons is 



rln 



a + Vfl 2 - b 2 



and 



2m e ayfa — b a- 4 a 2 — b 2 
The energy, V m , of the magnetic force between the electrons is 



10 



-h 2 , a+4a 2 -b 2 ' 

V m = nfifr j=— In , 2 , and 

4w e «V a 2 -b a-^Jct-b 

The total energy, E T , is given by the sum of the energy terms plus E(AO): 



E T =V e +T + V m +V p 



F - ^ 

Hl T — J — 



qcj 2 — 2- I In — 1 



# J a-^ja 2 ~b 2 
In 



E(AO) 



where ^ is the number of equivalent bonds of the MO, c x is the fraction of the H 2 -type 
15 ellipsoidal MO basis function of a chemical bond of the specie, c 2 is the factor that results in 
an equipotential energy match of the participating at least two molecular or atomic orbitals of 
each chemical bond, and E(AO) is the energy of the at least one atomic orbital to which the 
MO is energy matched. 



20 94. The system of claim 93 wherein during bond formation, the electrons undergo a reentrant 
oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is the 
difference between the Doppler and average vibrational kinetic energies: 



E osc =E D+ E Kvib 



, and 
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the total energy is 

E T =V e +T + V m +V p +E ae +E(AO). 



95. The system of claim 94 wherein during bond formation, the electrons undergo a reentrant 
5 oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is the 
difference between the Doppler and average vibrational kinetic energies: 



E ose = E D + E Kvib =(V e + T + V m +Vp )^ + rh U^ 9 and 



the total energy is 



E =V 4-T + F +F +E 



10 — 



a j 



In 



a + c 1 



a — c 







c x c 2 e 2 








4ns 0 a 3 










m e c 2 



E{AO) 



where is the number of equivalent bonds of the MO, c x is the fraction of the i^-type 
ellipsoidal MO basis function of a chemical bond of the specie, c 2 is the factor that results in 
an equipotential energy match of the participating at least two molecular or atomic orbitals of 
each chemical bond, and E(AO) is the energy of the at least one atomic orbital to which the 
15 MO is energy matched. 

96. The system of claim 95 wherein during bond formation, the electrons undergo a reentrant 
oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is the 
difference between the Doppler and average vibrational kinetic energies: 



20 E osc = E D .+ E Kvlb ={V^T + V m+ V p )^ + n x U^,^ 

the total energy is 

E T =V e + T + V m +V p +E osc 
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&7t£ 0 C ' 



\ a J a-c' 




■E{AO) 



where f\ is the number of equivalent bonds of the MO, c x is the fraction of the H 2 -type 
ellipsoidal MO basis function of a chemical bond of the specie, c 2 is the factor that results in 
an equipotential energy match of the participating at least two molecular or atomic orbitals of 
5 each chemical bond, and E {AO) is the energy of the at least one atomic orbital or hybridized 

atomic orbital or said orbital or hybridized orbital and the energy change with the formation 
of the bond by one or more of the orbital electrons to match the energies of the said orbital 
and the MO. 



10 97. The system of claim 96 wherein E(AO) , the energy of the at least one atomic orbital or 

hybridized atomic orbital or said orbital or hybridized orbital and the energy change with the 
formation of the bond by one or more of the orbital electrons to match the energies of the said 
orbital and the MO, is at least one from the group of 
E(AO) = E(02p shell) = -E(ionization; 0) = -13.6181 eV ; 

15 E(AO) = E(N2p shell) = -E(ionization; N) = -14.53414 eV ; 

E(AO) = E(C,2sp 3 ) = -14.63489 eV ; 

E T (AO) 

E T (AO) 



E T (AO 
20 E T (AO 
E T (AO 
E T (AO 
E T (AO 
E T (AO 



= E Coulomb (Cl,3sp 3 ) = -14.60295 eV ; 



= EQonization; C) + E(ionization; C + ); 
= E(C elhane ,2sp 3 ) = -15.35946 eV ; 
= +E(C elhylene ,2sp 3 )-E(C elhylene ,2sp 3 ); 

= E (C, 2sp 3 ) - 2E T (C = C, 2sp 3 ) = -14.63489 eV - (-2.26758 eV) ; 
= ^C a ^ te ,2^ 3 )-£(^^ 

= E (C, 2 sp 3 ) - 2E T (C = C, 2sp 3 ) = - 14.63489 eV - (-3 . 1 3026 eV); 
= E{C bemene ,2sp 3 )-E(C benzem ,2 S p 3 )-, 
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E T (AO) = E(C,2*P S ) - E T (C = C,2sp 3 ) = -14.63489 eV - (-1 .13379 eV) , and 

£ r (-40) = £(C a/to/7t0 2,sp 3 ) =-15.56407 <?F , wherein the calculated and measured values and 

constants recited in the equations herein can be adjusted, for example, up to ± 10%, if 
desired. 



98. The system of claim 97 wherein c y = a 



[ h 2 4fte 0 
me 2 2k' a 



aa 



2k 



- is substituted into E T to give 



E y 

8xsJa 2 -b 2 



a, 



2-^- In 



<2 + -\/a^ 



%7V€ Q C ! 



C x € 2 



2-& 

v. <* J 



^ a) a-sja 2 -fr 

^ a+c' 



— 1 



ln- 



— 1 



a — c 



+ E(AO) 



C 1 C 2 



V 



2-^ 
a 



In 





cia 0 








2k' 








2k' 



—1 



+ £(,40) 



where is the number of equivalent bonds of the MO, c x is the fraction of the H 2 -type 
ellipsoidal MO basis function of a chemical bond of the specie, c 2 is the factor that results in 
10 an equipotential energy match of the participating at least two molecular or atomic orbitals of 
each chemical bond, and E (AO) is the energy of the at least one atomic orbital or hybridized 
atomic orbital to which the MO is energy matched. 

99. The system of claim 98 wherein E{basis energies) is given by the sum of a first integer 
15 q x times the total energy of Zf 2 and a second integer q 2 times the total energy of H , minus a 
third integer q 3 times the total energy of E(AO) where the first integer can be 1,2,3..., and 
each of the second and third integers can be 0, 1, 2, 3 ... . 



100. The system of claim 99 wherein E T is set equal to E(basis energies) , and the 
20 semimajor axis a is solved. 



101. The system of claim 100 wherein the semimajor axis a is solved from the equation of 
the form: 
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%7CS n 4a 2 -b 2 
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a n \, a Wa 2 -b 2 



rip 



c.c 2 \ 2-=B- In , -1 

+ E(AO) 



+ E(AO) 



c lC2 |2-^lln^-l 



2*' 



C l C 2 



a-c 



^ a 



a~ f 



2k r 



-1 



2k' 



^rEi^AO)- E (basis energies) 



102. The system of claims 101 and 63 wherein the distance from the origin of the H 2 -type- 
5 ellipsoidal-MO to each focus c ' , the internuclear distance 2c ' , and the length of the 

semiminor axis of the prolate spheroidal H 2 -type MO b = c are solved from the semimajor 
axis a . 

103. The system of claims 102 where the number of equivalent bonds of the MO j\ each 
10 comprising an H 2 -type ellipsoidal MO is an integer greater than one. 

104. The system of claims 103 where the fraction c x of a H 2 -type ellipsoidal MO is 1. 
0.75, 0.5, and 0.75/2. 

105. The system of claims 104 where the factor c 2 of a H 2 -type ellipsoidal MO is given 
by one of the list of 1 and the ratio of the ionization energy of at least one atom of the bond 
and 13.605804 eV , the Coulombic energy between the electron and proton of H to meet the 
equipotential condition of the union of the H 2 -type-ellipsoidal-MO and the AO of the atom, 
wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 

106. The system of claim 105 where the factor c 2 of a H 2 -type ellipsoidal MO is 
0.936127 , the ratio of the ionization energy of N 14.53414 eV and 13.605804 eV , 

the Coulombic energy between the electron and proton of H ; 



15 



20 
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0.91771 , the ratio of 14.82575 eV , E Coulomb (C,2sp 3 ) and 13.605804 eV , the 
Coulombic energy between the electron and proton of H ; 

0.93172 , the ratio of 14.60295 eV , E Cmlomb (Cl,3sp 3 ) given by Eq. (13.759), and 
13.605804 eV , the Coulombic energy between the electron and proton of H ; 
5 0.87495, the ratio of 15.55033 eV , E Coulomb (C ethme9 2sp*) and 13.605804 eV , the 

Coulombic energy between the electron and proton of H ; 

0.85252, the ratio of 15.95955 eV 9 E Coulomb {C ethylene asp 3 ) and 13.605804 eV , the 
Coulombic energy between the electron and proton of H ; 

0.85252 , the ratio of 15.95955 eV , E Coulomb (C w „ e5 2^ 3 ) and 13.605804 eV , the 
10 Coulombic energy between the electron and proton of H , or 

0.86359 , the ratio of 15.55033 eV , E Coulomb (C alka „ e ,2$p 3 ) and 13.605804 eV , the 

Coulombic energy between the electron and proton of H 5 wherein the calculated and 
measured values and constants recited in the equations herein can be adjusted, for example, 
up to ± 10%, if desired. 

15 

107. The system of claim 106 where the fraction q of a H 2 -type ellipsoidal MO is such 
that the orbital energy E for each elliptical cross section of the prolate spheroidal MO is 
given by the sum of the kinetic T and potential V energies; E=T + V is constant; the orbit 
is closed such that T <\ V \ ; the time average of the kinetic energy, < T > , for elliptic motion 

20 in an inverse-squared field is 1 / 2 that of the time average of the magnitude of the potential 
energy, |< V >| ( < T >= 1 / 2 1< V >| ), and in the case that the energy of the MO is matched to 

at least one atomic orbital (AO), E = T + V, and for all points on the AO, \e\ = T = 1 / 2\V\ . 

108. The system of claim 107 where the energy of the MO is matched to at least one 
25 atomic orbital (AO) such that E = T + V , and for all points on the AO, \E\ = T = 1 / 2 \V\ . 

1 09. A system of claim 108 of computing and rendering the nature of bound atomic and 
atomic ionic electrons from physical solutions of the charge, mass, and current density 
functions of atoms and atomic ions, which solutions are derived from Maxwell's equations 

30 using a constraint that the bound electron(s) does not radiate under acceleration, comprising: 
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processing means for processing and solving the equations for charge, mass, and 
current density functions of electron(s) in a selected atom or ion, wherein the equations are 
derived from Maxwell's equations using a constraint that the bound electron(s) does not 
radiate under acceleration; and 
5 a display in communication with the processing means for displaying the current and 

charge density representation of the electron(s) of the selected atom or ion. 



110. The system of claim 109 wherein the physical, Maxwellian solutions of the charge, 
10 mass, and current density functions of atoms and atomic ions comprises a solution of the 

1 S 2 



classical wave equation 
charge. 



V 2 - 



v 2 St 2 



p(r 9 0 9 $ 9 f) — 0 which is the equation of motion of the 



111. The system of claim 110, wherein the time, radial, and angular solutions of the wave 
1 5 equation are separable. 

112. The system of claim 111, wherein the boundary constraint of the wave equation 
solution is nonradiation according to Maxwell's equations. 



20 113. The system of claim 112, wherein a radial function that satisfies the boundary 
condition is a radial delta function 



114. The system of claim 113, wherein the boundary condition is met for a time harmonic 
25 function when the relationship between an allowed radius and the electron wavelength is 
given by 

co = t- , and 

m e r 

ti 

v = 

mjr 
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where co is the angular velocity of each point on the electron surface, v is the velocity of 
each point on the electron surface, and r is the radius of the electron. 

115. The system of claim 114, wherein the spin function is given by the uniform function 

h h 

5 Y 0 °($,9) comprising angular momentum components of h xy = — and L z = — . 

4 2 

116. The system of claim 115, wherein the atomic and atomic ionic charge and current 
density functions of bound electrons are described by a charge-density (mass-density) 
function which is the product of a radial delta function, two angular functions (spherical 

1 0 harmonic functions), and a time harmonic function: 

. p(r,#,^/) = /(r)^ A(O 9 M = Y(0 9 4)k(f) 

r 

wherein the spherical harmonic functions correspond to a traveling charge density wave 
confined to the spherical shell which gives rise to the phenomenon of orbital angular 
momentum. 

15 

117. The system of claim 116, wherein based on the radial solution, the angular charge and 
current-density functions of the electron, A(6 9 <j> 9 f) , must be a solution of the wave equation 
in two dimensions (plus time), 

20 wherep(r,^,^,r) = /(r)>4(^^0 = i^-ni)^(^^0 and A(0 9 $ 9 t) = Y(0 9 $)k(f) 

r 

A(e 9 &t) = o 

where v is the linear velocity of the electron. 

118. The system of claim 117, wherein the charge-density functions including the time- 
25 function factor are 



V 2 - 



1*1 

v 2 St 2 



1 d ( . „d 
— sm6? — 



1 

r 2 sin 2 0 



v 2 3t 2 



Jt =0 
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Jl ^0 



where Y™ (0,0) are the spherical harmonic functions that spin about the z-axis with angular 
frequency co n with Y® (0,<f) the constant function 

Re{iy* (0,<f))e i(Ont } = P £ m (cos 0) cos (in(f> + co'„t) where to keep the form of the spherical 
10 harmonic as a traveling wave about the z-axis, co n = mco n . 



119. The system of claim 118, wherein the spin and angular moment of inertia, I, angular 
momentum, L, and energy, E ? for quantum number 1 are given by 
Jl =0 



15 



1 z spin ^ 



L=IaA„ =±- 
2 



rp „ 27 — — - 

-^rotational 'rotational , spin ^ 



* spin 



m S» j 



2 


f * 1 


2" 


_ 1 


2 


mr 2 

K & n J 




~~4 



h 2 



2L, 



20 



A #0 



I orbital ~ m J"n 



L = mti 



1(1 + 1) 
£ 2 +£ + l 



A: total spin o/£//a/ 
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^ rotational , orbital 



21 



1(1 + 1) " 

f+2£ + l 



T = 



h 2 



2m r 2 

{^rotational, orbital) ^ ' 



5 120. The system of claim 119, wherein the force balance equation for one-electron atoms 
and ions is 

m e v 2 e Ze I ft 2 



Anr 2 r x Anr 2 Aizs 0 r x \nr x m p r n 
1 Z 

where a H is the radius of the hydrogen atom. 

10 

121 . The system of claim 120, wherein from Maxwell's equations, the potential energy V . 
kinetic energy T , electric energy or binding energy E ele are 

V = = ~ Z2g2 = -Z 2 X 4.3675 X 10 -18 J = -Z 2 X 27.2 eV 

A7ie 0 r x Ans 0 a H 

T = -i^— = Z 2 X 13.59 eV 
Sne 0 a H 

15 T = E ele =--s 0 'fa 2 dv where E = — Ze 



2 oJ 4ae 0 r 2 

CO o 

E eh = — Z^£_ = _ Z 2 x 2.1786 X 10~ 18 J = -Z 2 X 13.598 eF, 
%ne 0 a H 

wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 

20 

122. The system of claim 121, wherein the force balance equation solution of two electron 
atoms is a central force balance equation with the nonradiation condition is given by 
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which gives the radius of both electrons as 



Z-l Z(Z-l) 



1 



123. The system of claim 122, wherein the ionization energy for helium, which has no 
5 electric field beyond r\ is given by 

Ionization Energy(He) = -E(electric) + E(rnagnetic) 

where, 

(Z-l)e 2 



E(electric) = — 



8ns 0 r x 



2^2 



. . 27tUrfi tl 

E (magnetic) =, — 2 3 



m 2 e r? 



10 For 3<Z 



Ionization Energy = -Electric Energy Magnetic Energy , 

Z 



124. The system of claim 123, wherein the electrons of multielectron atoms all exist as 
orbitspheres of discrete radii which are given by r n of the radial Dirac delta function, 

15 S(r-r B ). 

125. The system of claim 124, wherein electron orbitspheres may be spin paired or 
impaired depending on the force balance which applies to each electron wherein the electron 
configuration is a minimum of energy. 

20 

126. The system of claim 125, wherein the minimum energy configurations are given by 
solutions to Laplace's equation. 

127. The system of claim 126, wherein the electrons of an atom with the same principal 
25 and % quantum numbers align parallel until each of the m ^ levels are occupied, and then 

pairing occurs until each of the m jj levels contain paired electrons. 
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128. The system of claim 127, wherein the electron configuration for one through twenty- 
electron atoms that achieves an energy minimum is: Is < 2s < 2p < 3s < 3p < 4s. 

129. The system of claim 128, wherein the corresponding force balance of the central 

5 Coulombic, paramagnetic, and diamagnetic forces was derived for each n-electron atom that 
was solved for the radius of each electron. 

130. The system of claim 129, wherein the central Coulombic force is that of a point 
charge at the origin since the electron charge-density functions are spherically symmetrical 

1 0 with a time dependence that is nonradiative. 

131. The system of claim 130, wherein the ionization energies are obtained using the 
calculated radii in the determination of the Coulombic and any magnetic energies. 

15 132. The system of claim 131, wherein the general equation for the radii of s electrons is 
given by 




2 



r m in units of a Q 



where positive root must be taken in order that r n > 0 ; 

Z is the nuclear charge, n is the number of electrons, 
20 r is the radius of the proceeding filled shell(s) given by 
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i + (c-z»)f 



(z-(«-i))-|---J 




r in units of a 0 



for the preceding s shell(s); 



(Z-(n-l))- 



^8 2Zj r 3 




20^ 



Z-n 



Z-(h-I) 



1- 



V2' 



'3 
J J 



8 2Z; r 3 J 



Y = 



r 3 m zmte #/* a 0 



for the 2p shell, and 



(<Z-(n-l))-(- 



8 2ZJ r 12 j 



\ 2 



2QS 



Z-n 
Z-(w-l) 



2 2 



J ) 



r n in units of a Q 



for the 3p shell; 

the parameter A corresponds to the diamagnetic force, 
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F 



h 2 



-y/s(s + l)i r ; 



d " mas " e,ic 4m e r 3 2 r, 
the parameter B corresponds to the paramagnetic force, F mog 2 : 



F, 



1 fc 2 



mas2 Zmrf 

the parameter C corresponds to the diamagnetic force, ¥ diamagneljc 3 : 



5 F 



1 Stl 2 



dianagnrtcl Z m T„ 



the parameter D corresponds to the paramagnetic force, ¥ mag : 
1 1 h 2 



¥mag \ky 2 Z m e r 



■y]s(s + l) , and 



the parameter E corresponds to the diamagnetic force, ¥j iamagnelic 2 , due to a relativistic effect 
with an electric field for r > r„ : 



10 F. 



diamagnetic 2 



diamagnetic 2 



diamagnetic 2 



Z-3 
Z-2_ 

Z-ll 



rJti 



r 10V3/4i r 



V 



Z-10 

Z — n 
Z-(n-l) 



10^(J + l)i r ,and 



J 



V 



V 



10V*(* + l)i r . 
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wherein the parameters of atoms filling the Is, 2s, 3s ? and 4s orbitals are 



Atom 
Type 



Electron 
Configuration 



Ground Orbital Diamag. Paramag. Diamag. Param Diamag. 

State Arrangement Force Force Force ag. Force 

Term of Factor Factor Factor Force Factor 

s Electrons ABC Factor £ 

(s state) D 



Neutral \ s l 

I e 

Atom 
H 

Neutral \$ 2 l $ 0 

2e 

Atom 

He 

Neutral 2s l 
3e 
Atom 
Li 

Neutral 2s 2 % 

4e 

Atom 

Be 

Neutral Is 2 2s 2 2 p 6 3s 1 

II e 
Atom 
Na 

Neutral l$ 2 2$ 2 2p 6 3$ 2 % 

12 e 

Atom 

Mg 

Neutral l$ 2 2s 2 2p 6 3s 2 3p 6 4s l 
19 e 
Atom 



J l/2 



J l/2 



'1/2 



Is 



Is 



2s 



t I 
2s 



3s 



t I 
3s 



1_ 
4s 



0 



12 



12 



0 



0 



0 



0 



0 
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K 

Neutral \s 2 2s 2 2p 6 3s 2 3p 6 As 2 \ ±_J, 

20 e 4s 1 3 24 1 0 

Atom 

Ca 

lelon 1/ ao ^ 



Is 0 0 0 0 0 



2eIon is 2 ^ 



Is 0 0 0 1 0 



3eIon 2s 1 2 S U2 J_ 



2s 1 0 0 0 1 

4eIon 2s 2 ' \ t_i 

2s 10 0 11 

1 1 e Ion is 2 2s 2 2 p 6 3s l 2 S U2 _t_ 

3s 1 4 8 0 72 

1+— 
2 

12 e Ion 1^2j 2 2/7 6 3^ 2 % t_i 

3s l 6 0 0 ^2 

19eIon l* 2 2j 2 2p 6 3,s 2 3 J p 6 4s 1 2 S 1/2 _t_ 

4s 3 0 24 0 2-V2 

20 e Ion \ s 2 2s 2 2 p 6 3s 2 3 p 6 As 2 l S 0 t_J. 

4s 2 0 24 0 2-S 



133. The system of claim 132, with the radii, r n , wherein the ionization energy for atoms 
having an outer s-shell are given by the negative of the electric energy, E(electric) , given by: 
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E {Ionization) = -Electric Energy = ^~( n — ^ e 

%7ts 0 r n 

except that minor corrections due to the magnetic energy must be included in cases wherein 
the s electron does not couple to p electrons as given by 



f 



i-i 

v 2 



Ionization Energy(He) = ~E(electric) + EQnagnetic) 
5 Ionization Energy = -Electric Energy — ^-Magnetic Energy 



2 7t\ 

— cos— +a 

3 3 J 



z 

EHonizatiom Li) = — + AE 

8xe 0 r 3 

= 5.3178 eF + 0.0860 eV = 5.4038 eV 
E(Ionizatiori) = E{Electric) + E T 

,2 ->_.. „2*2 



Eiiomzation; Be) = ^ — + — £2_ — + AS 

S7rs 0 r 4 myl mas , and 



E(Ionization) = -Electric Energy - —Magnetic Energy - E T , wherein the calculated and 



= 8.9216 eF + 0.03226 eF + 0.33040 eV = 9.28430 eV 

j_ 

Z 

10 measured values and constants recited in the equations herein can be adjusted, for example, 
up to ± 10%, if desired. 



134. The system of claim 133, wherein the radii and energies of the 2p electrons are solved 
using the forces given by 

IS w _ (Z-n)e 2 t 
4ns r 



_ ^ (£ + \m\)l h 2 

~ (2i + 1) (i - \m\) ! 4m/> 3 W + 1)lr 



1 V^l)i r 



L mag 2 ry 2 

Z m e r n r 3 

mag 2 r-r 2 

Z m e r„r 3 



Ka S 2 V^O + l)i r 

Zm e r„r 3 
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L diamagnetic 2 



Z-n 

Z-(«-l) 



1- 
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m r 



c 



and the radii r 3 are given by 



a n 



1- 



(Z-3)- 



1 1 



^4 ZJ r t 







2 

1 /i 


"Z-3" 
Z-2 




r 

U zJ, 


4 
1 




4 



5 135. The system of claim 134, wherein the electric energy given by 
Eilonization) — -Electric Energy = — — — — ^ & 
gives the corresponding ionization energies. 



136. The system of claim 135, wherein for each n-electron atom having a central charge of 
10 Z times that of the proton and an electron configuration Is 2 2s 2 2p"~ 4 ? there are two 

indistinguishable spin-paired electrons in an orbitsphere with radii r x and r 2 both given by: 



1 
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two indistinguishable spin-paired electrons in an orbitsphere with radii r 3 and r 4 both given 
by: 




r x in units of a Q 

and n ~ 4 electrons in an orbitsphere with radius r n given by 



N±«0 




(Z-(„-l))-(f 



2Z 



20V3 



+- 



Z-n 



Z -(»-!). 



3 J J 

1- 



V 2 , 



r = - 



r 3 in units of a 0 

the positive root must be taken in order that r n > 0 ; 

the parameter A corresponds to the diamagnetic force, ^ diamagnetic • 
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and the parameter 5 corresponds to the paramagnetic force, F 2 : 



'h'3 

^2 



Zm e r„r 3 
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wherein the parameters of five through ten-electron atoms are 
Atom Type Electron Ground Orbital 

Configuration State Arrangement 
Term of 

2p Electrons 
(2p state) 



Diama Param 
gnetic agneti 
Force c 
Factor Force 
A Factor 
B 



iNeutrai d e /\iom 


i 2 ^ 2 o 1 

Ls* 2s 2p 


2pQ 
M/2 


1 










B 






1 


0 ■ 


-1 


2 


0 


Neutral 6 e Atom 


Is 2s 2p 


3 r» 


r 


r 




Z 




c 






i 


0 


-1 


3 


0 


Neutral 7 e Atom 


ls 2 2s 2 2p 3 


4^0 
^3/2 


T 


T 


T 


1 
I 




N 






1 


0 


-1 


3 


1 


Neutral 8 e Atom 


Is 2s 2p 


3 r> 
^2 


T ^ 


r 


r 






O 






1 


0 


-l 


1 


2 


Neutral 9 e Atom 


-i 2 2 s\ 5 

Is 2s 2p 


2 p0 

^/2 


1 

T ^ 


T * 


T 


z 




F 






1 


0 


-1 


3" 


3 


Neutral 10 e Atom 


Is 2 2s 2 2 p 6 




t i 


t 4 


t i 






Ne 






1 


0 


-1 


0 


3 


5 e Ion 


ls 2 2s 2 2p l 


-M/2 


t 






5 










1 


0 


-1 


3 


1 


6 e Ion 


\s 2 2s 2 2p 2 


^0 


t 


t 




5 










1 


0 


-1 


3 


4 


7 e Ion 


Is 2 2s 2 2 p 3 


4 e 0 
^3/2 


t 


t 


t 


5 










1 


0 


-1 


3 


6 
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R e Ton 




3p 
*2 




1 


1 












1 


0 


-1 


3 


6 


9 e Ion 


i,s 2 2j 2 2y 


2p0 
■ r 3/2 


t 4, 


t 4, 


t 


5 










l 


0 


-1 


3 


9 


10 e Ion 


\s 2 2s 2 2p 6 




t I 


t I 


t 4, 


5 










l 


0 


-l 


3 


12 



137. The system of claim 136, wherein the ionization energy for the boron atom is given 
by 

(Z - 4)e 2 
E(ionization\ E) = — + Aj^J 

= 8.147170901 eF + 0.15548501 eV = 8.30265592 eV 
5 wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to + 10% 5 if desired. 



138. The system of claim 137, wherein the ionization energies for the n-electron atoms 
10 having the radii, r n ,are given by the negative of the electric energy, E{electric) , given by 

(Z-(n-l))e 2 

EUonizatiori) = —Electric Energy = . 

%ns Q r n 

139. The system of claim 138, wherein the radii of the 3p electrons are given using the 
forces given by 

„2 



15 F - ( Z -*> j 

v (-HH) ! n — • 
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1 n 2 

2 m/ n r n 



Ka g 2 =(4 + 4 + 4) 

1 4ft 2 i , , 1V 



Z»Wi2 



F. 



Vn '12 

1 4ft 2 



Zm e r„r 12 



>(>y+i)i 



5 F. 



1 8ft 2 



- 2 Zm e r> 12 



and the radii r 12 are, given by 




8 Zjr lt 



>i 2 = 




r, 0 zw wmfa of a 0 



140. The system of claim 139, wherein the ionization energies are given by electric energy 
10 given by: 

(Z-(rc-l)) g 2 



i/. — i/7—i i ir 2 

E(Jonizatiori) = -Electric Energy • 



15 



141 . The system of claim 140 5 wherein for each n-electron atom having a central charge of 
Z times that of the proton and an electron configuration ls 2 2s 2 2p 6 3s 2 3p"~ 12 , there are two 
indistinguishable spin-paired electrons in an orbitsphere with radii r x and r 2 both given by: 
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n= r 2 = a o 



z-i z(z-i) 



two indistinguishable spin-paired electrons in an orbitsphere with radii r 3 and r 4 both given 
by: 




r x in units of a o 

5 three sets of paired indistinguishable electrons in an orbitsphere with radius r 10 given by: 



<3n 



-±a n 



V24 Z 




|^(Z-9)- 
20S 



K 24 ZJ r 3 , 



+- 



f 


~z- 


-10" 


f 

1- 

V 






V 


_ z 


-9 _ 


2 J 


^3 

J 



(Z-9)- 



1o=- 



24 ZJ r 3 ) 



r 3 />? units of a 0 
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two indistinguishable spin-paired electrons in an orbitsphere with radius r l2 given by: 



■±a n 



(Z-ll)- 



8 Z)r x 



10 j 



1 



(Z-ll)- 



20-S 



+- 



^8 Z)r WJ 



Z-12 
Z-ll 



1+- 



(Z-ll) 



V 



1 8 zjr 10 j 



r 10 w «w7s o/ a 0 



and n -12 electrons in a 3p orbitsphere with radius r n given by 



(Z -(«-!)) - 



^8 2Z j /j 



12 j 




(Z-(n-l))- 



18 2ZJr u )) 



20^3 



/t 



Z-n 



Z-(n-l) 



2 2 
v y 



r 12 



r = - 



1 



v ' J U 2Zjr 12 



r 12 in units of a 0 
5 where the positive root must be taken in order that r n > 0 ; 

the parameter A corresponds to the diamagnetic force, F diamagnettc 



F 



ft 2 



diamas " eUc ^ (2£ + 1) (/ - ! 4m e r> 12 
paramagnetic force, F mag 2 : 



Js(s+V)i r , and the parameter 5 corresponds to the 



_ 1 h 2 
mas2 Zm e r 2 r n 



yjs(s+Y)i 



10 F mag2 =(4 + 4 + 4)l-^- A /^ r l)ir = 



2" m e r n r 12 



1 12r 
Z ^^>i2 



WO 2007/051078 



PCT/US2006/042692 
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mag 2 



1 A% 2 



884 



V*(*+l)i 



_ 1 4h 2 r- 

'mag 2 ~ ~ — 3— + 1)*, » ^ 
m e f n f l2 



1 8h 2 

^ m e r n f \2 
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wherein the parameters of thirteen through eighteen-electron atoms are 
Atom Electron 
Type Configuration 



Ground Orbital 
State Arrangement 
Term of 

3p Electrons 
(3p state) 



Diamagn Paramag 
etic netic 
Force Force 
Factor Factor 
A B 



Neutral \$ 2 2s 2 2p 6 3s 2 3p x 

13 e 
Atom 
Al 

Neutral \ s 2 2s 2 2p 6 3s 2 3p 2 

14 e 
Atom 
Si 

Neutral l s 2 2s 2 2p 6 3s 2 3p 3 

15 e 
Atom 
P 

Neutral l$ 2 2s 2 2p 6 3s 2 3p 4 

16 e 
Atom 
S 

Neutral \ s 2 2s 2 2p 6 3s 2 3p 5 

17 e 
Atom 

a 

Neutral ls 2 2s 2 2p 6 3s 2 3p 6 

18e 

Atom 

Ar 

13 e Ion \ s 2 2s 2 2p 6 3s 2 3p l 



2 P 0 >N 

M/2 - 



4 cyO 



2 p 0 
M/2 



1 0 -1 



3 ^o _t_ _1_ 



1 0 -1 



Ssn t t t 
1 0 -1 



n 

3 



5 
3 



3 P 2 t_i JL _t_ 1 
10-1 3 



2 i>° /2 t_i t_i JL 2 

10-1 3 



U li y l 

10-1 3 



t 



1 0 -1 



5 
3 



0 



4 



12 
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1 4 e IOIl 1e 2 9c 2 9n 6 ^e 2 ^n 2 


r Q 


1 


t 




i 








1 


0 


-1 


3 


16 


1 5 e Ton i c 2 Oc 2 o m 6 ^c 2 ^ m 3 


4^0 


t 

I 


t 

1 












1 


0 




0 


24 


l u c iuii ^ j,p $s Dp 


^2 




1 


i 


1 








1 


0 


-i 


3 


24 


17 e Ion L* 2 2* 2 2j9 6 3s 2 3/? 5 


2 p 0 
^3/2 


t 4, 


t 4, 


t 


2 








l 


0 


-i 


3 


32 


18 e Ion ls 2 2s 2 2p 6 3s 2 3p 6 




t 4- 


t I 


t i 










l 


0 


-i 


0 


40 



142. The system of claim 141, wherein the ionization energies for the n-electron 3p atoms 
are given by electric energy given by: 

(Z-(n»l))e 2 

E(Ionizatiori) = -Electric Energy = . 

%7ts Q r n 

5 

143. The system of claim 142, wherein the ionization energy for the aluminum atom is 
given by 

(Z 12^^^ 
EQonization; AI)=- — + AE 

87V£ 0 r l3 

= 5.95270 eV + 0.031315 eV = 5.98402 eV 
wherein the calculated and measured values and constants recited in the equations herein can 
10 be adjusted, for example, up to ± 10%, if desired. 



144. A system of claim 1 of computing the nature of bound atomic and atomic ionic 
electrons from physical solutions of the charge, mass, and current density functions of atoms 
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and atomic ions, which solutions are derived from Maxwell's equations using a constraint 
that the bound electron(s) does not radiate under acceleration, comprising: 

processing means for processing and solving the equations for charge, mass, and 
current density functions of electron(s) in selected atoms or ions, wherein the equations are 
5 derived from Maxwell 9 s equations using a constraint that the bound electron(s) does not 
radiate under acceleration; and 

output means for outputting the solutions of the charge, mass, and current density 
functions of the atoms and atomic ions. 

10 145. A system of claim 1 comprising the steps of; 

a. ) inputting electron functions that are derived from Maxwell's equations using a 
constraint that the bound electron(s) does not radiate under acceleration; 

b. ) inputting a trial electron configuration; 

c. ) inputting the corresponding centrifugal, Coulombic, diamagnetic and paramagnetic 

15 forces, 

d. ) forming the force balance equation comprising the centrifugal force equal to the 
sum of the Coulombic, diamagnetic and paramagnetic forces; 

e. ) solving the force balance equation for the electron radii; 

f. ) calculating the energy of the electrons using the radii and the corresponding 
20 electric and magnetic energies; 

g. ) repeating Steps a-f for all possible electron configurations, and 

h. ) outputting the lowest energy configuration and the corresponding electron radii for 
that configuration. 

25 146. The system of claim 145, wherein the output is rendered using the electron functions. 

147. The system of claim 146, wherein the electron functions are given by at least one of 
the group comprising: 

30 Jl = 0 
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-ft ^0 



where Y £ m (0,(f) are the spherical harmonic functions that spin about the z-axis with angular 
frequency m n with 7 0 ° (0,<f>) the constant function. Rejr/ 1 (O^e^) = P? (cos 0) cos (m^ + 
where to keep the form of the spherical harmonic as a traveling wave about the z-axis, co' n = mco n . 



10 148. The system of claim 147, wherein the forces are given by at least one of the group 
comprising: 
_ {Z-ri)e 2 



2 r 



(Z-(»-l)> 2 

*e/e A _ .2 1 



47TSJ-? 1 



1 1 ft 2 r-. r~ 

F_ =- + 



15 F 



diamagnetic 



4m e r 3 r x 



+ ft 2 , . 

== "^(2^ + l)^-|m|)!4m e r> 3 + 



L diamagnetic 



(* + |m|)l 



ft 2 



(2^ + l)(^-|w|)!4w e r> 1 



12 



F 



diamagnetic 



3 3 3j4m e r> 12 >/V ' r UJ 4m e r> 12 V V 



F 



diamagnetic 2 



20 F 



diamagnetic 2 



Z-3 
Z-2, 

Z-n 

L z -(»-i). 



r/z 2 / 



1- 

V 2 , 



T 10^(^ + l)i r 
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L diamagmiic 2 



Z-ll 
Z-10 



1 + 



4l 



r 10 ti 



J 



m e r n 



F 



diamagmtic 2 



Z~tl 

Z-(»-l)_ 



f, ^2 1 ^ l) 

1- — + — + — 

v 2 2 2 2 ; 



mr 



F, 



i 8ft 2 



F. 



diamagnetic 3 

1 fc 2 



Z m e r n 3 



F. 



mag 2 



F, 



10 F, 



- a Zm e r> 3 



5 F_„ = 



l 4ft 2 



mas2 Zmrfr 3 



1 ft 2 



Z iw.^ 



p _1 ft 2 



F mag2 =(4 + 4 + 4) 



1 ft 2 



i m 2 

Z m e r*r 12 



1 4ft 



m< * 2 Zm e r> 12 



3 — ^O + l^and 



1 8ft 2 



Mag2 Z»V?/b 



149. The system of claim 148, wherein the radii are given by at least one of the group 
comprising: 



1 = r 2 = a o 



1 



Z-l Z(Z-l) 



15 
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/•j in units of a a 



(Z-(«-l))- 



1 8 2zjr 3y 



\ ±a o 



\ 2 



1 



(Z-(h-I))- 

r 



20V3 



+- 



Z — n 



8 2Z J r 3 
V2 



Z-(„-l)_ 



3 J J 

1- 



r„ =■ 



r 3 in units of a 0 



(Z-9)- 




vv 



V24 Zjr 3 



3 y 



20V3 



z-10 

Z-9 



3 



1- 



(Z-9)- 



Zjr, 



r 3 w z/rate of a 0 
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t'u = ■ 



(Z-10)- 



r, 0 in units of a 0 



5 '10 



4r, 



10 



(Z-ll)- 



i 3^J3 



■±a n 



8 Z 



'io J 



(Z-ll)- 



1 3 



8 Z; r, 



10 



20-73 



Z-12 
.2-11. 



1 + 



V2" 



r 10 



+- 



(Z-ll)- 



8 Z/ r io > 



r, 0 w Kni/s o/ a 0 




( z-(„-i)>-[--J- 



2<k/3 


f 


Z-n 


1- 


■>/2 


0 




Z-(w-l) 


2 


2 J 


{' 


-(»-!)>-( 


8 


2Z. 


)£) 



'12 



r 12 in units of a 0 



a 0 \l + {C-D) 




2Z 



20>/3 



Z-n 



|_z-(«-i). 



Er m 



(Z-(»-l))- 



1 8 2zJr m J 



r in units of a 0 
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150. The system of claim 149, wherein the electric energy of each electron of radius r n is 
given by at least one of the group comprising: 

Eielectric)-- ^-^- 1 ^ 2 
87rsr 



5 Ionization Energy{He) = -E(electric) + E{magnetic) 



< iff 2 *Y ^ 

1 — —cos — +a 



Ionization Energy = —Electric Energy — ^-Magnetic Energy 

Z 

E (Ionization) = -Electric Energy ——Magnetic Energy — E T 

EQonization; Li) = \- AE 

= 5.3178 eV + 0.0860 eV = 5.4038 eV 

(Z — 4)e 2 
EQonization; B) = h AE 



= 8.147170901 eV + 0.15548501 = 8.30265592 eV 

* n EQonization; Be) = ^- ^— + ^° 3 + AE 

= 8.9216 eV + 0.03226 eF + 0.33040 eF = 9.28430 



E(ionization; No) - —Electric Energy = — = 5.12592 



wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 



15 151. 



The system of claim 150, wherein the radii of s electrons are given by 
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a. 



\ + {C-D) 



2Z 



r r 

(Z -(»-!)) - 



A B 



-±a n 




20^3 



Z-n 



Z-(n-l) 



J 



(Z-(rc-l))- 



U 2zjr 



r =■ 



r m in units of a 0 

where positive root must be taken in order that r n > 0 ; 

Z is the nuclear charge, n is the number of electrons, 
r m is the radius of the proceeding filled shell(s) given by 



\ + (C-D) 



2Z 



(Z-(«-l))- 



U 2Z)r h 



\±«o 




20y/3 



+ 



Z-n 



Z-(k-I) 



m J 

\ 



Er 



V ;J U 2ZJrJ 



for the preceding s shell(s); 
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a. 



■±a n 



J r * ) 



^ 2 



(Z-(„-l))-£ 



8 2Z 



20>/3 



+- 



Z-n 



Z-(n-\) 



1- 



3 y 



r M =■ 



r 3 m um'te of a Q 



for the 2p shell, and 



8 2Z)r n 




'(Z -(»-!)) 



A B XS 
U 2Z)r n 



20y/3 



/r 



+ - 



Z-(n-l)_ 



1-^ + 1 

2 2 



'12 



(Z-(w-l))- 



k 8 2Z J r 12 



r l2 in units of a Q 

for the 3p shell; 

5 the parameter A corresponds to the diamagnetic force, ¥ diamagneiic 

ft 2 



^js(s +l)i r ; 



the parameter B corresponds to the paramagnetic force, F, 



mag 2 * 



1 h 2 



10 F 



mas2 Zm/tf 

the parameter C corresponds to the diamagnetic force, 'F dlamagm „c a 
1 8h 2 



Z 



diamagnetic 3 

the parameter D corresponds to the paramagnetic force, ¥ T 



mag 
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1 1 ft 2 n =r , 

the parameter E corresponds to the diamagnetic force, V diamagneiic 2 , due to a relativistic effect 
with an electric field for r > r n : 
Z-3 



diamagnetic 2 



5 F 



diamagnetic 2 



diamagnetic 2 



m e r 3 



Z-2_ 

Z-ll 
Z-10 

Z-n 
Z-(w-l) 



^-.10^741 

VP - 



1 + - 



r l0 h 



T 10V^+l)i r ,and 



V2 1 42 1 



2+2 2 +2 y 



7 10V5(j+l)i r , 
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wherein the parameters of atoms filling the Is, 2s, 3s, and 4s orbitals are 

Atom Electron Ground Orbital Dia Para Dia Para Diatnag 



Type Configuration 



State Arrangemen mag. mag. mag. mag. . 

Term t Fore Fore Fore Fore Force 

of e e e e Factor 

s Electrons Fact Fact Fact Fact E 



(s state) 



or 

A 



or 
B 



or 

C 



or 
D 



Neutral \ s l 

I e 

Atom 
H 

Neutral i^ 2 
2e 
Atom 
He 

Neutral 2s l 
3 e 
Atom 
Li 

Neutral 2s 2 
4e 
Atom 
Be 

Neutral l$ 2 2s 2 2p 6 3s 1 

II e 
Atom 
Na 

Neutral Is 2 2s 2 2p 6 3s 2 

12 e 

Atom 

Mg 



>U2 



J l/2 



J V2 



Is 



Is 



t_ 

2s 



t 4r 

2s 



3s 



3s 



0 0 0 0 0 



0 0 0 1 0 



0 



0 



0 



0 0 



12 1 



WO 2007/051078 PCTYUS2006/042692 

897 

Neutral ls 2 2s i 2p 6 3s 2 3p 6 4s 1 2 S m J_ 

19 e 4s 2 0 12 0 0 
Atom 

K 

Neutral Is 2 2s 2 2 p 6 3s 2 3 p 6 4s 2 X S 0 1_A 

20 e 4s 1 3 24 1 0 
Atom 

Ca 

I e Ion is 1 2 s V2 _t_ 

Is 0 0 0 0 0 

2eIon is 2 \ t_J; 

Is 0 0 0 1 0 

3eIon 2s l 2 S V2 _±_ 

2s 1 0 0 0 1 

4eIon 2s 2 l S 0 f 4> 

2s 10 0 11 

II elon 1j 2 2j 2 2/> 6 3j 1 2 S 1/2 t 

3s 1 4 8 0 J2 

2 



12 e Ion l af 2 2* 2 2p 6 3s 2 X t_i 

3s 1 6 0 0 Jo 

1 + ^- 
2 

19eIon i^2 1 y 2 2/? 6 3,s 2 3i? 6 4,s 1 X 2 _t_ 

4s 3 0 24 0 2-V2 

20elonis 2 2s 2 2p 6 3s 2 3p 6 4s 2 l S 0 t_i 

4s 2 0 24 0 2-V2 
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1 52. The system of claim 151, with the radii, r n ? wherein the ionization energy for atoms 
having an outer s-shell are given by the negative of the electric energy, E(electric) 9 given by: 

E(Ionizatiori) = —Electric Energy = — — — — 



o n 



except that minor corrections due to the magnetic energy must be included in cases wherein 
5 the s electron does not couple to p electrons as given by 



Ionization Energy(He) = -E(electric) + E(magnetic) 



( 1 ff* __N2 Y\ 

1-- 



V 2 



(2 *\ 
—cos — 

V U 3 J „ 



•a 



Ionization Energy = —Electric Energy — ^—Magnetic Energy 



2 



EQonization; Li) = — — — — h A2? 



o'3 

= 5.3178 eV + 0.0860 eV = 5.4038 eV 



Eilonization) = EiElectric) + 2? r 

EQonization; Be) = ±- — + Mo 2 3 + A£ wag 

10 8^ 0 r 4 w/ 4 > 311(1 

= 8.9216 eF + 0.03226 eV + 0.33040 eF = 9.28430 
E(Ionization) = -Electric Energy - —Magnetic Energy - ^ 

wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 

15 153. The system of claim 1 52, wherein the radii and energies of the 2p electrons are solved 
using the forces given by 
(Z-n)e 2 



(i + \m\)\ ft 2 r . 
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F, 



1 h 2 



m ° s2 Zmfa 



F 



diamagnetic 2 



Z-n 
Z-(w-l) 



1- 

v 2 y 



T 10>(J + l)i r , 



and the radii r 3 are given by 




^ in units of a Q 



1 54. The system of claim 1 53 ? wherein the electric energy given by 

(Z-(n~l))e 2 

Eilonization) = —Electric Energy = 1 

gives the corresponding ionization energies. 



10 155. The system of claim 154, wherein for each n-electron atom having a central charge of 
Z times that of the proton and an electron configuration ls 2 2s 2 2p"~ 4 , there are two 
indistinguishable spin-paired electrons in an orbitsphere with radii ^ and r 2 both given by: 
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Z-l Z(Z-l) 



two indistinguishable spin-paired electrons in an orbitsphere with radii r 3 and r 4 both given 
by: 



>4 =>3 =- 




r x in units of a Q 

5 and n-4 electrons in an orbitsphere with radius r n given by 




<m»-.)>-i4-^ 



8 2ZJ r 3 



20 V3 



+- 



Z-(w-l) 



k 2 , 



^ = - 



.7 r lY» I' 4 5 ^ 



3 y 



r 3 w units of a 0 
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the positive root must be taken in order that r n > 0 ; 

the parameter A corresponds to the diamagnetic force, V diamagnel/C : 

(£ + \m\)l ft 2 i . 

v diamagtielle - -2, (2£+1) ^_| w |), 4^ V^+iK ; 

and the parameter B corresponds to the paramagnetic force, ¥ mag 2 : 



5 ^-i^s^^ 1 - 

^ 1 4Tl 2 /— ; — . , 

Zm e r n r 3 
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wherein the parameters of five through ten-electron atoms are 

Atom Type Electron Ground Orbital Diama Par am 

Configuration State Arrangement gnetic agneti 

Term of Force c 

2p Electrons Factor Force 

(2p state) A Factor 

B 



Neutral 5 e Atom 


Is 2s 2p 


2 p0 


1 










B 






1 


0 ■ 


•1 


2 


0 


Neutral 6 e Atom 


^ 2 /■> 2 2 

Is 2s 2p 


3 r> 

P 0 


1 


1 




z 




C 






1 


0 


-1 


3 


0 


Neutral 7 e Atom 


\s 2s 2p 


4 rtO 
^3/2 


T 


T 


r 


1 




N 






1 


0 


-l 


3 


1 


Neutral 8 e Atom 


\s 2 2s 2 2p* 




T ^ 


T 


T 






O 






1 


0 


-1 


1 


2 


Neutral 9 e Atom 


Is 2s 2p 


^3/2 


T * 


T -V 


T 


z 




F 






1 


0 


-1 


3~ 


3 


Neutral 10 e Atom 


ls 2 2s 2 2p 6 




t I 


t i 


t 4- 






Ne 






1 


0 


-1 


0 


3 


5 e Ion 


ls 2 2s 2 2p l 


2p0 
r V2 


t 






5 










1 


0 


-1 


3 


1 


6 e Ion 


\s 2 2s 2 2p 2 


3p 
^0 


t 


t 




5 










1 


0 


-1 


3 


4 


7 e Ion 


ls 2 2s 2 2p 3 


4rt0 
^3/2 


t 


t 


t 


5 










1 


0 


-1 


3 


6 
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8 e Ion 



ls 2 2s 2 2p* % ±A A t_ 5 

10-1 3 6 



9 e Ion 



ls 2 2s 2 2p 5 2 P° 2 U U JL 1 

10-1 3 9 



10 e Ion 



\s 2 2s 2 2p 6 % tj li U 5 

10-1 3 12 



156. The system of claim 155, wherein the ionization energy for the boron atom is given 
by 

(Z — 4)e 2 

EQonization; B) = — + AE 

&7us 0 r 5 

= 8.147170901 eV 4- 0.15548501 eV = 8.30265592 eV 
5 wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired, 

1 57. The system of claim 156, wherein the ionization energies for the n-electron atoms 
having the radii, r n ,are given by the negative of the electric energy, E(electric) , given by 

{Z-(n~l))e 2 

10 Eilonization) = -Electric Energy = . 

%xs o r n 

158. The system of claim 157, wherein the radii of the 3p electrons are given using the 
forces given by 



(£ + \m\)l ft 2 i . 

15 F «-'< —2-, ^ + l)(£-\m\)\ 4m e rX ^ S + X)i < 



*■ diamagnetic 



(2 2 1\ h 2 

— +— +- 

\3 3 3 J Amj\ 
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F 



1 ft 2 



mag 2 r-r 2 

Z mtfr n 



>C* + l)i 



Ka S 2 =(4 + 4 + 4)- — Js(s+Y)i r =- — 

'Zm e rZr n Z m e r n r l2 



V^+l)i r 



F. 



1 4ft 2 



mas2 Zm e rX 



1 4ft 2 /- rr. 



5 F. 



1 8ft 2 



mag 2 rr 2 



A/^+l)i r 



and the radii r n are given by 



a n 



(Z-ll)- 



-±« n 



8 Zy 



10 y 



20V3 
+—7 



Z-12 
Z-ll 



1 + 



V2' 



^ J 



'12 



r 10 m units of a 0 



159. The system of claim 158, wherein the ionization energies are given by electric energy 
10 given by: 

(Z-(n-l))e 2 

E(Ionizatiori) = —Electric Energy = 



15 



160. The system of claim 159, wherein for each n-electron atom having a central charge of 
Z times that of the proton and an electron configuration ls 2 2s 2 2p 6 3s 2 3p"~ 12 ? there are two 
indistinguishable spin-paired electrons in an orbitsphere with radii r x and r 2 both given by: 
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Z-l Z(Z-l) 



two indistinguishable spin-paired electrons in an orbitsphere with radii r 3 and r 4 both given 
by: 




r x in units of a Q 

5 three sets of paired indistinguishable electrons in an orbitsphere with radius r 10 given by: 



V 



■±a n 



1 24 Z) r 3 ) 




24 Z) r 3 ) 



(Z-9)- 



20S 



Z-10 
Z-9 



1- 



(Z-9)- \~ 



(5 6^73 



U4 ZJ r 3 ) 



'10 



r 3 units of a Q 
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two indistinguishable spin-paired electrons in an orbitsphere with radius r 12 given by: 





(z-ii)- 



^8 Z)r 10 ; 



r lQ in units of a 0 
and n -12 electrons in a 3p orbitsphere with radius r n given by 



a n 



(Z-(n-l))- 



^8 2Z) 



'12 J 




f f 

(Z-(n-l))- 



1 8 2Z)r n J) 



20S 



Z-n 



Z-(n-l) 



y 2 2, 



r 12 



r — - 



r u in units of a 0 
5 where the positive root must be taken in order that r n > 0 ; 

the parameter A corresponds to the diamagnetic force, V diamagnetic 



(£ + \m\)\ 



h 2 



F,. = -V — v , ; , = — J$(s + fyi r 9 and the parameter B corresponds to 

the paramagnetic force, F mag 2 : 
1 A 2 



mas 2 r-r 2 

Zm e r n r 12 



10 F^a=(4 + 4 + 4)l-^^ r l)i r = 

rn e r n r 12 



1 12ft 2 
Z m e r> 12 
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F, 



1 4ft 2 



- 2 Zm e rlr n 



1 4ft 2 



~ 2 Zm e r> 12 



■yjs(s +l)i t> and 



F, 



1 8ft 2 



- 2 Z«^r B 



■^+i)i r 



wherein the parameters of thirteen to eighteen-electron atoms are 
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Atom Electron 
Type Configuration 



Neutral l s 2 2s 2 2p 6 3s 2 3p 1 

13 e 
Atom 
Al 

Neutral Is 2 2s 2 2 p 6 3s 2 3 p 2 

14 e 
Atom 
Si 

Neutral \s 2 2s 2 2p 6 3s 2 3p 3 

15 e 
Atom 
P 

Neutral Is 2 2s 2 2 p 6 3s 2 3 p 4 

16 e 
Atom 

Neutral Is 2 2s 2 2 p 6 3s 2 3 p 5 

17 e 
Atom 
CI 

Neutral Is 2 2s 2 2 p 6 3s 2 3 p 6 

18 e 
Atom 

13 e Ion ls 2 2s 2 2p 6 3s 2 3p 1 
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Ground Orbital 



State 
Term 



Arrangement 
of 

3p Electrons 
(3p state) 



Diamagn Paramag 



etic 
Force 
Factor 
A 



netic 
Force 
Factor 
B 



2p0 
r V2 



t 



0 -1 



11 

3 



0 



t t 



1 0 -1 



7 
3 



4rr0 

°3/2 



t t t 



1 0 -1 



5 
3 



3 P, t I t t 



1 0 -1 



4 
3 



An liii 1 2 
10-1 3 



1 0-1 3 



4 



2p0 
r V2 



t 

1 0 -1 



5 
3 



12 
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14 e Ion Is 2 2s 2 2 p 6 3s 2 3 p 2 


3r> 

-M) 


JL 


t 




1 








i 


o 


-1 


3 


16 


15 e Ion ls 2 2s 2 2p 6 3s 2 3p 3 


°3/2 


t 


f 


t 










i 


o 


-1 


o 


24 


16 e Ion ls 2 2s 2 2p 6 3s 2 3p 4 


3p 


t 4- 


t 


f 


1 








i 


o 


-1 


3 




17 e Ion ls 2 2s 2 2p 6 3s 2 3p 5 


3/2 


t i 


t 4 


t 


2 








l 


0 


-1 


3 


32 


18 e Ion ls 2 2s 2 2p 6 3s 2 3p 6 




t 4- 


t 4 


t i 










l 


0 


-1 


0 


40 



161. The system of claim 1 60 wherein the bond comprises a H 2 -type MO with two paired 
electron wherein the formation of the H 2 -type MO by the contribution of an electron from 
each participating atom results in a diamagnetic force between the remaining atomic electrons 
5 and the H 2 -type MO which causes the H 2 -type MO to move to greater principal axes than 
would result with the Coulombic force alone. 



162. The system of claim 161 wherein the integer increase of the central field and the 
resulting increased Coulombic as well as magnetic central forces on the remaining atomic 
10 electrons of each atom decrease the radius of the corresponding shell such that the energy 
minimum is achieved that is lower than that of the reactant atoms. 



15 



163. The system of claim 162 wherein the general equation for the central Coulomb force 
on the outer-most shell (nth where n = Z - 1 ) electron due to the nucleus and the inner 
electrons is given by: 



WO 2007/051078 

for r > r n _ x , 
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164. The system of claim 163 wherein the general equation for V diamagr}eUc due to the p 
orbital contribution is given by 



A fr 13. 



165. The system of claim 164 wherein the general equation for F mag 2 is given by 



10 166. The system of claim 165 wherein the general equation for F diamagfjetic 2 due to the 

binding of the p-orbital electron having an electric field of +1 outside of its radius is given by 



* diamagnetic 2 



1 



1- 



r 3 h 



m r 

en 



T-10V^ + l)i r 



167. The system of claim 166 wherein the general equation for ¥ mag 3 , due to the 
1 5 contribution of a2 p electron from each binding atom in the formation of the a MO that 
gives rise to a paramagnetic force on the remaining two 2p electrons that pair, is given by 



2 



168. The system of claim 167 wherein the parameters A, B , and C are zero or a positive 
20 integer such that the resulting energy of the molecule is minimized and the electron angular 
momentum is conserved in the formation of the specie. 



25 



169. The system of claim 168 wherein the radius of the 2p shell is calculated by equating 
the outward centrifugal force to the sum of the electric and diamagnetic and paramagnetic 
forces: 
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2e 2 



L 2 JV 



-A 



h 2 

\2m e r 2 r 3 



h 2 



Zm e r„r 3 



1- 



rjt 2 



-1 0^(7+1) + c-5-3- V^+i) 



rtm< 



170. The system of claim 169 wherein the radius of the 2p shell is calculated by equating 
the outward centrifugal force to the sum of the electric and diamagnetic and paramagnetic 



h 1 

5 forces where the velocity given by v„ = and s = — gives: 



m r 

""en 



h 2 



m r 3 



-C 



h 2 



2e 2 



4m e r* V 4. 4ns 0 r* 



— A- 



h 2 



\2m e r^r 3 V 4 



2 

h 2 



Zm e r 6 z r 3 V 4 



1- 



rJi 



4 

rtn 

n e 



■10 J- 



171. The system of claim 170 wherein the general equation for the radius of the shell of the 
remaining electrons is given by 



10 



a 0 \l-C 



(A L _B\Jt 



12 Z) 2r, 



37 




r 3 in units of a 0 



172. The system of claim 171 wherein the radii r 3 are given by 
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r 4 =r 3 = 




r x in units of a Q 



173. The system of claim 172, wherein for each n-electron atom having a central charge of 
Z times that of the proton and an electron configuration \s 2 2s 2 2p n ' dt , there are two 
5 indistinguishable spin-paired electrons in an orbitsphere with radii r x and r 2 both given by: 



Z-l Z(Z-l) 



and two indistinguishable spin-paired electrons in an orbitsphere with radii r 3 and r 4 both 
given by: 
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1- 



(Z-3)- 



1 



.4 Z) r x 





f M 
Z 

\ J 


2 

< A 


"Z-3" 


r.lOJ- 
1 \4 


( FY"'' 

U Zj r x 





r x m of a 0 



174. The system of claim 173 wherein the sum E T (molecule, AOs) of the Coulombic 
energy change of the AO electrons of both atoms of a bond is given by using the initial 
5 radius r n of each atom and the final radius r n _ x of the binding shell of each atom and by 

considering that the central Coulombic field decreases by an integer for each successive 
electron of the shell: 



Y Y 



1 1 



Y Y 



where the subscript designates atom 1 and atom 2 of the bond. 

10 

175. The system of claim 174 wherein the forces on the electrons of the MO are the 
Coulombic force: 

e 2 

the spin pairing force: 
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h 2 



■DL 



spin-patrmg £ 

the diam.agn.etic force: 

n„h 2 



diamagne ticMO 1 



where n e is the total number of electrons that interact with the binding a -MO electron, the 
5 force on the pairing electron of the <r MO: , 

1 \L\h 



Tj< ) I T\\ 

^diamagmticMOl g 2m cfb 2 



where \L\ is the magnitude of the angular momentum of each atom at a focus that is the 
source of the diamagnetism at the <x-MO, and the centrifugal force: 

h 2 

^cemnfueaiMo ~ TT > wherein the force balance of the centrifugal force equated 

m e a b 

1 0 to the Coulombic and magnetic forces is solved for the length of the semimajor axis. 



1 76. The system of claim 175 wherein the force balance equation for the a -MO with 
n=2 and \l\ = Ti is 



h 2 



m a a 2 b 2 



D = 



%ite Q ab 



-D + - 



h 2 



2ma 2 b 2 



D- 



1 + 



1 



h 2 



Z J 2ma 2 b 2 



D 



15 



a = 



2+—\a 



177. The system of claim 176 wherein the force balance equation for the a -MO with 
n e = 2 and \l\ = ft is 



20 



f T 



D = - —D+- —D- 



m e a 2 b 2 %7cs 0 ab 2 ~ ' 2m e a 2 b 2 



2 Z 
V J 



h 2 



2ma 2 b 2 



D 



a — 



2 Z 

K J 
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178. The system of claim 177 wherein the force balance equation for the a -MO n e = 2 ? 
and \L\ = fi : 



ft 2 ~ <? 2 ^ h 2 „ (5 1 ^ 



Z) = r-£> + ^Z>- - + 



m e a 2 6 2 8/^ 0 tfZ> 2 2m e a 2 b 2 ^2 2Zj 



2 



2ma 2 b 2 



D 



a = 



V2 2Z 



1 79. The system of claim 1 78 wherein the Coulombic force is 



e 2 

the spin pairing force is 

h 2 

10 F — nj 

*W«r 2m e a 2 6 2 * 

the force on the electrons of the MO due to two paired electrons in at least one shell with 
n e = 2 is 

n 2 

Tf — n f)i ■ 

* diam a g n eli cMOl ^M^tf * ' 

the force V dianiag „ ellcM02 is given by the sum of the contributions over the components of 
15 angular momentum III of the atoms at the foci acting on the electrons of the <r -MO: 



* aamag „e ti cM02 ~ Zu Z 2m a 2 b 2 ' ^ 

*>y j & 



the centrifugal force is 



*2 



F n Pi 

* centrifugalMO ^ ^2^2 £ * 



20 1 80. The system of claim 179 wherein the force balance equation for the a -MO of the 
carbon nitride radical comprising carbon with charge Z t = 6 and \L X | = Ti and |Z 2 | = ^ft and 
nitrogen with Z 2 = 7 and |Z 3 | = & is 
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-Z> = —D- 



2 L 2 



m e a b %ns^ab 2m,a b 



1 1 V4 1 

^1 ^1 ^2 



& 2 



2m a 2 b 2 



D 



a = 



■^1 ^1 "^2 



181. The system of claim 1 80 wherein the Coulombic force is 

„2 



e 



Couhmb 8xs 0 ab 2 4 



the spin pairing force is 



h 2 



■DL 



the force on the electrons of the MO due to two paired electrons in at least one shell with 
« =2 is 



10 



h 2 



DL; 



diamagneticMOX ^2^2 £ ■ 

the force F diamagtteticM o2 1S given by the sum of the contributions over the components of 
angular momentum |Z| of the atoms at the foci acting on the electrons of the a -MO: 

^diamagneticMOZ = -7 ^ 2 L 2 5 atl( ^ 



15 



the centrifugal force is 



ft 2 



centrifugalMO 2 7_ : 

* mab 



DL. 



2t2 ^ 



1 82. The system of claim 181 wherein the force balance equation for the a -MO of the 
carbon nitride radical comprising carbon with charge Z x ~6 and \L { \ = h and \L 2 \ = and 
nitrogen with Z 2 = 7 and |lJ = ft is 
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-D + - 



m e a 2 b 2 &7T£ Q ab 2 2m e a 2 b 2 



D- 



* 1 V4 1 

1 + — + JL - L + — 

Z x Z x 



h 2 



2m.a 2 b 2 



D 



a = 



2 + — + J - L + — 

Z x 2^ 



1 83 . The system of claim 1 82 wherein the Coulombic force is 

2 



Coulomb 



&7ts 0 ab 



2 D h 



the spin pairing force is 



n 2 



■DL 



the force on the electrons of the MO due to two paired electrons in at least one shell with 
n=2 is 



10 



F 



h 2 



diamagm ticMO 1 2ffZ CCb 

the force F^ magrte/l . cM02 is given by the sum of the contributions over the components of 
angular momentum |z| of the atoms at the foci acting on the electrons of the a -MO, and the 
sum of the contributions from atom 1 with Z-Z x and atom 2 with Z = Z 2 with \L^ | = ft is 



diam agneticM O 2 

1 5 the centrifugal force is 



1 1 

— + — 



h 2 



2m a b 



DL , and 



2*2 



n 2 



centrifugalMO 



ma b 



DL. 



1 84. The system of claim 1 83 wherein force balance equation for the a -MO of the carbon 
monoxide molecule is 



20 



% 2 



ma 2 b 2 



D = 



%7is Q ab 



-£>• 



h 2 



2m.a 2 b 2 



( (\ 1?> 
D- 1+ — + — 

V. \. Z \ Z l)j 



h 2 



2m„a 2 b 2 



D 
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a = 



2 + — + - 



1 85. The system of claim 1 84 wherein the Coulombic force is 

j2 



Coulomb 



2 Di, 



5 the spin pairing force is 



h 2 



■DL 



°pi»-p"<™g 2m e a 2 b 2 f 

the force on the electrons of the MO due to two paired electrons in at least one shell with 
n=2 is 



F 



h 2 



diamagneticMOl 2 fit Ct^b 



2,2 



10 the force F 



diamagneticMO 2 



of the nitric oxide radical comprising nitrogen with charge Z t = 7 and 



\L X \ = ft and |Z 2 | = J— h and oxygen with Z 2 =8 and \L 3 \ = h given by the corresponding sum 



of the contributions is 



diamagtreticM02 



1 V4 1 

Zj Zj Z 2 



the centrifugal force is 



15 



V 



h 2 



h 2 



2ma 2 b 2 



Dig , and 



centrifitgalMO ^ 



2*2 ^ 



186. The system of claim 1 85 wherein the general force balance equation for the cr -MO of 

the nitric oxide radical is the same as that of CN : 

r nr \ 



m e a 2 b 2 %7ve Q ab l 



2ma 2 b 2 



D- 



1 + — + + — 

Zj Z l Z 2 



% 2 



2m.a 2 b 2 



D 
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Z\ Z\ Z 2 



where Z x = 7 and Z 2 = 8 for NO and Z x = 6 and Z 2 = 7 for CN . 

1 87. The system of claims 1 86 and 63 wherein the distance from the origin of the H 2 -type- 
5 ellipsoidal-MO to each focus c 1 ? the internuclear distance 2c ' ? and the length of the 

semiminor axis of the prolate spheroidal H 2 -type MO b = c are solved from the semimajor 
axis a. 



188- The system of claim 187 wherein the potential energy of the two electrons in the 
10 central field of the nuclei at the foci is 



-2e z 



,ln- 



%nsja 2 -b 2 a~4a 2 -b 2 
The potential energy of the two nuclei is 



%7ts 0 4a 2 -b 2 5 
The kinetic energy of the electrons is 



A c rp h 2 . a + 4a 2 -b 2 , 
15 T = n x c x c 2 , - In , , and 

2m e a^a 2 -h 2 a-^Ja 2 -b 2 
The energy, V m , of the magnetic force between the electrons is 

-ft 2 



- a + -ya 2 -h 2 . 
rln . , , and 



4m e a\}a 2 -b 2 a - \ja 2 -b 2 
the total energy, E T 9 is given by the sum of the energy terms plus E(AO) : 



E T =V.+T + V m +V, 



E,j- — • 



20 



&ns 0 y/a 2 -b 2 



\ a 0 \ a + yla 2 -b 2 ^ 
I a) a -yja 2 -b 2 
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where r\ is the number of equivalent bonds of the MO, c x is the fraction of the H 2 -type 
ellipsoidal MO basis function of a chemical bond of the specie, c 2 is the factor that results in 
an equipotential energy match of the participating at least two molecular or atomic orbitals of 
each chemical bond, and E(AO) is the energy of the at least one atomic orbital to which the 
5 MO is energy matched. 



1 89. The system of claim 1 88 wherein during bond formation, the electrons undergo a 
reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 



10 



E n „ = E n +E, 



'Kvib 9 



and 



the total energy is 



V +T + V +V +E , 



190. The system of claim 1 89 wherein during bond formation, the electrons undergo a 
15 reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 



E osc =E D + E Kvib 



the total energy is 



E T =V.+T + V m +V p +E» 



20 * T 



In 



a + c 1 



-1 



a-c 




where R is b or a, ^ is the number of equivalent bonds of the MO, c x is the fraction of the 
H 2 -type ellipsoidal MO basis function of a chemical bond of the specie, c 2 is the factor that 
results in an equipotential energy match of the participating at least two molecular or atomic 
orbitals of each chemical bond, and E (AO) is the energy of the at least one atomic orbital to 
25 which the MO is energy matched. 
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191. The system of claim 190 wherein the bond comprises a H 2 -type MO with four paired 
electron wherein the formation of the H 2 -type MO by the contribution of two electrons from 
each participating atom results in a diamagnetic force between the remaining atomic electrons 
and the H 2 -type MO which causes the H 2 -type MO to move to greater principal axes than 

5 would result with the Coulombic force alone. 

1 92. The system of claim 191 wherein the integer increase of the central field and the 
resulting increased Coulombic as well as magnetic central forces on the remaining atomic 
electrons of each atom decrease the radius of the corresponding shell such that the energy 

1 0 minimum is achieved that is lower than that of the reactant atoms. 

193. The system of claim 192 wherein the general equation for the central Coulomb force 
on the outer-most shell (nth where n = Z - 2 ) electron due to the nucleus and the inner 
electrons is given by: 

15 F --T^i r 



for r > r n _ x . 



194. The system of claim 193 wherein the general equation for ^ diamasnetic due to the p • 
orbital contribution is given by 

20 F _ A *' fh 

*««-*-*•, 127n e r> 3 V4 r 

195. The system of claim 194 wherein the general equation for F 2 is given by 



-.2 



25 



196. The system of claim 195 wherein the general equation for 1? dtamag „ eiic 2 due to the 
binding of the p-orbital electron having an electric field of +2 outside of its radius is given by 
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2 
3 



1- 



| r 3 K 



922 
T 10V^ + l)i r 



1 97. The system of claim 1 96 wherein the general equation for F mag 3 , due to the 
contribution of a 2p electron from each binding atom in the formation of the cr MO that 
5 gives rise to a paramagnetic force on the remaining two 2p electrons that pair, is given by 

h 2 



Fmas3 C Amrl 



198. The system of claim 197 wherein the parameters A, B, and C are zero or a positive 
integer such that the resulting energy of the molecule is minimized and the electron angular 
10 momentum is conserved in the formation of the specie. 



199. The system of claim 198 wherein the radius of the 2p shell is calculated by equating 
the outward centrifugal force to the sum of the electric and diamagnetic and paramagnetic 
forces: 



15 



3e 2 



4ns 0 r„ 



-A- 



fi 2 



\2m e r n r 3 



Zm e r„ r 3 



1- 



■^ioV^Ti)+c 



h 2 



4m.,K 



-y/s(s + l) 



(13.626) 



200. The system of claim 199 wherein the radius of the 2p shell is calculated by equating 
the outward centrifugal force to the sum of the electric and diamagnetic and paramagnetic 



forces where the velocity given by v„ = ■ 



20 



-C- 



h 2 



Am e r n 



3e 2 



4ne 0 r„ 



— A- 



h 2 



\2mXr 3 \ 4 



and s = — gives: 
2 

h 2 



+ B- 



Zm e r 6 z r 3 V 4 



V 



2 J/;X 



201 . The system of claim 200 wherein the general equation for the radius of the shell of the 
remaining electrons is given by 
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3- 



8 J 

12 Z 




12 Z J 2/* 3 J 



20V3 



+- 



/ 


"2" 


f 

1- 

V 


72^ 


\ 


V 


_3_ 


2 J 





^ 1,12 Zj2r 3> 



r 3 m wnto 0/ a 0 



202. The system of claim 201 wherein the radii r 3 are given by 




r x in units of a Q 



203. The system of claim 202, wherein for each n-electron atom having a central charge of 
Z times that of the proton and an electron configuration ls 2 2s 2 2p n ~ A , there are two 
indistinguishable spin-paired electrons in an orbitsphere with radii r x and r 2 both given by: 
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r \ = >2 = a 0 



Z-l z(z-i) 



and two indistinguishable spin-paired electrons in an orbitsphere with radii r 3 and r 4 both 
given by: 




r x in units of a Q 



10 



204. The system of claim 203 wherein the force balance of a double-bond MO corresponds 
to that of a second pair of two electrons binding to a molecular ion having +2e at each focus 
and a first bound pair such that the forces are the same as those of a molecule ion having -he 
at each focus. 

205. The system of claim 204 wherein the forces on the electrons of the MO are the 
Coulombic force: 

„2 



F, 



Coulomb 



&7vs 0 ab 



the spin pairing force: 
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ft 1 n . 



spin ~ paMn8 ~ 2m e a 2 b 2 * 9 
the diamagnetic force: 

F = n * %% Pi 

^diamagmticMOl ^ ^2^2 

where n e is the total number of electrons that interact with the binding cr -MO electron; 
5 the force on the pairing electron of the a MO: 

1 \L\h . 
V * ama *' eticM ° 2 ~~l2m e a 2 b 2 Dh 

where |i| is the magnitude of the angular momentum of each atom at a focus that is the 

source of the diamagnetism at the a -MO, and 
the centrifugal force: 

% 2 

10 ^centrifugalMO = J7T D h > 3X1(1 

the force balance of the centrifugal force equated to the Coulombic and magnetic 
forces is solved for the length of the semimajor axis. 

206. The system of claim 205 wherein the forces on the electrons of the N0 2 MO are the 
15 Coulombic force: 

e 2 

the spin pairing force: 

F %2 Pi ■ 

spm- paMns 2m e a 2 b 2 4 ' 

the diamagnetic force F dlamagttellcMOl for each cr -MO of the N0 2 molecule due to the 
20 two paired electrons in the 02p shell with n e — 2 : 

F * Di 

X diamagneticMOl a 2 fo 2 * 

which is also the corresponding force of NO ; 

^diamagneticMOl °f the nitrogen dioxide molecule comprising nitrogen with charge Z l =7 
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and |Zj| = fi and |Z 2 | = and the two oxygen atoms, each with Z 2 = 8 and |Z 3 | = Ti given 



by the corresponding sum of the contributions: 



diamagneticMOl 



1 V4 2 

Z x Z x Z 2 



2ma 2 b 2 4 



which is also the corresponding force of NO and CN except the term due to oxygen is twice 
5 that of NO due to the two oxygen atoms of N0 2 , and 
the centrifugal force 

n 2 

^centhfugalMO ~ ~ m ^2^2 ^4 9 

the force balance of the centrifugal force equated to the Coulombic and magnetic 
forces is solved for the length of the semimajor axis. 

10 



207. The system of claim 206 wherein the force balance equation for the cr -MOs of N0 2 
with Z x =7 and Z 2 =8 is 



15 



h 2 e 2 



m e a 2 b 2 8&s Q ab 2 2m e a 2 b 2 



i 1 V4 2 

Z\ Z\ Z 2 



h 2 



2mM 2 b 2 



D 



2 + — + -^4- — 

%1 %\ %2 



208. The system of claims 207 and 63 wherein the distance from the origin of the H 2 -type- 
ellipsoidal-MO to each focus c ' ? the internuclear distance 2c\ and the length of the 
semiminor axis of the prolate spheroidal # 2 -type MO b = c are solved from the semimajor 
20 axis a. 
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209. The system of claim 208 wherein the sum E T (molecule, AOs) of the Coulombic 

energy change of the AO electrons of the participating atoms or ions of the bonds of the 
specie is the sum of the contributions over all such atoms or ions given by using the initial 
radius r n of the atom or ion and the final radius r„_ 2 of the binding shell of the atom or ion 

5 and by considering that the central Coulombic field decreases by an integer for each 
successive electron of the shell: 



E T (molecule, AOs)— ^ — — — 



Y Y 
V/h,-2 '»! J 



where the subscript designates the exemplary atom 1 of the bond. 



10 210. The system of claim 209 wherein the sum E T (molecule, AOs) of the Coulombic 

energy change of the AO electron of a participating atom of a bond wherein all of the 
electrons of the shell of the AO are contributed to the bond is given by the sum of the 
corresponding ionization energies of the AO electrons. 

15 211. The system of claim 210 wherein energy of the double bond MO is match to the 
participating AOs and the potential energy of the four electrons in the central field of the 
nuclei at the foci is 



V e =2 2 n l c l c 2 , In f ; 

%ns 0 ^a 2 -b 2 a-^a 2 ~b 2 

The potential energy of the two nuclei is 

• , e 2 

20 



The kinetic energy of the electrons is 



„ * ti 1 a + 4a 2 -b 2 

T = 2n x c x c 2 , In , , and 

2m e ay/a 2 -b a- Va 2 - b 2 
The energy, V m , of the magnetic force between the electrons is 

rr 02 -h 2 i a + 4a 2 -b 2 . 
V m = 2 n x c x c 2 , In , — , and 

4m e aV a 2 ~b 2 a-y/a 2 -b 2 
25 The total energy, E T 9 is given by the sum of the energy terms plus E(AO) : 



WO 2007/051078 



PCTYUS2006/042692 



928 



E T =V e +T + V m +V p 



E T = — 



%ns 0 4a 2 -b 2 I 
2 2 n,e 2 



/ v. a + ^Ja 2 -b 2 , 
c i c 2 ( 2 ) ln -1 



a-ja^b 2 
+ n l E(AO) 



+ n i E(AO) 



where ^ is the number of equivalent bonds of the MO, c x is the fraction of the H 2 -type 
ellipsoidal MO basis function of a chemical bond of the specie, c 2 is the factor that results in 
5 an equipotential energy match of the participating at least two molecular or atomic orbitals of 
each chemical bond, and E(AO) is the energy of the at least one atomic orbital to which the 
MO is energy matched. 



212. The system of claim 211 wherein during bond formation, the electrons undergo a 
10 reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 



15 



£L„ =E n +E Kvib ,axi.& 
E T =V e +T + V m +V p + E(AO) + E osc . 



"osc ^ D 

the total energy is 



213. The system of claim 212 wherein during bond formation, the electrons undergo a 
reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 



_ o2 n x e 



c x c 2 (2)ln-^fL-l 

a — c 



+ n i E(AO) + E <k 



20 where r\ is the number of equivalent bonds of the MO, c t is the fraction of the H 2 -type 
ellipsoidal MO basis function of a chemical bond of the specie, c 2 is the factor that results in 
an equipotential energy match of the participating at least two molecular or atomic orbitals of 
each chemical bond, and E(AO) is the energy of the at least one atomic orbital to which the 
MO is energy matched. 
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214. The system of claim 213 wherein the energy components of are V e , V p 9 T 9 V m 9 and 
E T , except that the terms based on charge are multiplied by four and the kinetic energy term 
is multiplied by two due to each a -MO double bond. 



5 215, The system of claim 214 wherein the potential energy of the four electrons of double 
bond in the central field of the nuclei at the foci is 



-2e 2 



An 



%7rs 0 ^a 2 -b 2 a-^ja 2 -b 2 
The potential energy of the two nuclei is 



%ns 0 4a 2 -b 2 ' 
10 The kinetic energy of the electrons is 



T = 2n l c l c 2 



n 2 



a + *Ja 2 -b 2 



and 



2m e ay/a 2 —b 2 a — V« 2 —b 2 
The energy, V m , of the magnetic force between the electrons is 

-h 2 , a + yla 2 -b 2 



V m =2 z n 1 c 1 c 2 



ln- 



4m ay/ a 2 -b a-yja 2 -b 



■, and 



The total energy, E T , is given by the sum of the energy terms: 



15 



E T =V e +T + V m +V p 



E T = - 



2V 



%Ks n 4a 2 -b 2 



, v a + y/a 2 -b 2 
CjCj (2) In -1 



a-4a 2 -b 2 



2 2 n l e 2 



87CS 0 C ' 



c,c 2 (2)ln^--l 
1 2W a-c' 



where r\ is the number of equivalent bonds of the MO, c x is the fraction of the H 2 -type 
ellipsoidal MO basis function of a chemical bond of the specie, and c 2 is the factor that 
results in an equipotential energy match of the participating at least two molecular or atomic 
20 orbitals of each chemical bond. 
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216. The system of claim 215 wherein during bond formation, the electrons undergo a 
reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 

5 the total energy is 

E T =V e + T + V„,+V p + E osc . 



217. The system of claim 216 wherein during bond formation, the electrons undergo a 
reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
10 the difference between the Doppler and average vibrational kinetic energies; 

a + c' 



F - 

SL T — 



^(2)1.^-1 



is the number of equivalent bonds of the MO, q is the fraction of the H 2 -type ellipsoidal 
MO basis function of a chemical bond of the specie, and c 2 is the factor that results in an 
equipotential energy match of the participating at least two molecular or atomic orbitals of 
15 each chemical bond. 

218. The system of claim 217 wherein the total energy of the specie is the sum of the total 
energy of the components comprising the energy contribution of the MO formed between the 
participating atoms, the change in the energy of the AOs or HOs upon forming the bond, the 
20 change in magnetic energy with bond formation, and the energy of oscillation in the 
transition state. 



219. The system of claim 218 wherein the total energy of the specie is the sum over all of 
the component groups wherein the total energy of each said group is the sum of the total 
25 energy of the components comprising the energy contribution of the MO formed between the 
participating atoms, the change in the energy of the AOs or HOs upon forming the bond, the 
change in magnetic energy with bond formation, and the energy of oscillation in the 
transition state. 



30 



220. The system of claim 219 wherein the change in magnetic energy is given by 
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E(magnetic) = ™ , = 3^ 
m r r 

where r,f is the radius of the atom that reacts to form the bond. 

221. The system of claim 220 wherein the bond energy of the molecular or molecular ion 
5 is difference in the energy of the total energy of the starting species and the total energy of 

the specie. 

222. The system of claim 221 wherein the bond energy of a specific bond of the molecular 
or molecular ion is difference in the energy of the sum of the energies of the atoms and any 

10 change in energy of any groups formed with the starting atoms and the total energy of the 
bond of the specie. 

223 . The system of claim 222 wherein the total energy of a molecule, E T [molecule] , is 

given by the sum of: 
15 the sum of the energies of the electrons donated to each bond, 

the sum of the energies of electrons of at least one other atom donated to the bonds, 

the sum over the participating atoms of each AO contribution due to the decrease in 
radius with the formation of each bond, and 

the a MO energy contribution per bond. 

20 

224. The system of claim 223 wherein the total energy of a molecule, E T [molecule] , is 

given by the sum of: 

the sum of the energies of the electrons donated to each bond such that all of the 
electrons of the shell are donated, 

25 the sum of the energies of electrons of at least one other atom donated to the bonds, 

the sum over the participating atoms of each AO contribution due to the decrease in 
radius with the formation of each bond, and 

the a MO energy contribution per bond. 
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225. The system of claim 223 wherein the total energy of C0 2 , E T (C0 2 ) , is given by the 
sum of EQonization; C) and EQonization; C + ) , the sum of the energies of the first and 
second electrons of carbon donated to each double bond, the sum of EQonization; O) and 
two times EQonization; 0 + ) , the energies of the first and second electrons of oxygen 
5 donated to the double bonds, two times E T (0,2p), the 02p AO contribution due to the 
decrease in radius with the formation of each bond and two times E T (C = 0,a), the a MO 
contribution: 



E T {C0 2 ) = 



EQonization; C) + EQonization; C + ) + EQonization; O)^ 
+2EQonization; 0 + ) + 2E T (0, 2p) + 2E T (C = O, a) 
O1.26030 eK + 24.38332 eF + 13.61806 eV~\ 
+2(35.11730 eF) + 2(-32.12759eF) 



4e 2 



In- 



2aa n 



a- 



2aa n 



-1 



J) 



J 



_ r 11.26030 eF + 24.38332 eF + 13.61806 eV 
"[+2(35.11730 eV) + 2 (-32.12759 eV)- 2 (55.25423 eV) 
= -55.26841 eV 



10 



wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to + 10%, if desired. 



1 5 226. The system of claim 225 wherein the total energy of a molecule, E T+osc (molecule) is 
given by the sum of E T (molecule) and E osc . 



20 



227. The system of claim 226 wherein during bond formation, the electrons undergo a 
reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 



WO 2007/051078 



PCTYUS2006/042692 



933 



E 0S c=n l {E D +E Kvib ) = n l 



E 



9 and 



where the angular frequency of the reentrant oscillation in the transition state is 



"BO 



CO - 



c x c 2 e 
4ks 0 R 3 



the kinetic energy, E K , is given by Planck's: 



"BO 



E K =hco = fi\ 



4xe Q R 3 



m 0 



the Doppler energy of the electrons of the reentrant orbit is 



E D = E hv , 



mc 



"BO 



2h\ 



4ks 0 R 3 



mc 



E osc is given by the sum of and E Kvlb , the vibrational energy: 



Ease [molecule] = n, (.E D + E Kvlb ) = 



E, 



hv 



2h\ 



'BO 



4x€ 0 R 3 



mc 



vib 



\ J 

10 where R is b or a , r\ is the number of equivalent bonds of the MO, c BO is the bond-order 
factor which is 1 for a single bond, 4 for a double bond, and 9 for a triplet bond, c x is the 
fraction of the H 2 -type ellipsoidal MO basis function of a chemical bond of the specie, and 
c 2 is the factor that results in an equipotential energy match of the participating at least two 
molecular or atomic orbitals of each chemical bond. 

15 

228, The system of claim 227 wherein E hv is given by E T [molecule) 1 2 in the case of a 
double bond such that 
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Ease = E d + E Kvit - E T (molecule)/ 2 



Mc 2 2 V>" 



229. The system of claim 228 wherein of a molecule having r\ bonds is given by 
E T [molecule) I riy such that 



E osc =n 1 (E D +E Kvib ) = n l E T (molecule) I ^ffr + |^ j 



230. The system of claim 229 wherein E hv of a molecule having i\ bonds is given by 
E T (H Z ) such that 



10 E osc =n l (E D+ E Kvlb ) = n 1 \E T (H 2 )^ + U^ 

where E T (H 2 ) = -3 1 .63537 eV is the total energy of the hydrogen molecule, wherein the 
calculated and measured values and constants recited in the equations herein can be adjusted, 
for example, up to ± 1 0%, if desired. 



15 231. The system of claim 23 0 wherein during bond formation, the electrons undergo a 
reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 



and 



where the angular frequency of the reentrant oscillation in the transition state is determined 
20 by the force between the central field and the electrons in the transition state; said force and 
its derivative are given by 

2 



/(*)=■ 



'BO 



c&e 
4xe 0 R 3 



and 
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such that the angular frequency of the oscillation is given by 



a 



■/(«)-/'(«) 




"BO 



4tvs 0 R 3 



where R is b or a ? c BO is the bond-order factor which is 1 for a single bond, 4 for a double 
bond, and 9 for a triplet bond, c x is the fraction of the H 2 -type ellipsoidal MO basis function 
5 of a chemical bond of the specie, and c 2 is the factor that results in an equipotential energy 
match of the participating at least two molecular or atomic orbitals of each chemical bond. 



232. The system of claim 231 wherein the nucleus of the B atom and the nucleus of the A 
atom comprise the foci of each H 2 -type ellipsoidal MO of the A-B bond and the 
1 0 parameters of the point of intersection of each H 2 -type ellipsoidal MO and the A -atom AO 
are determined from the polar equation of the ellipse: 
1 + e 



r = n 



0 1-f ecos#' 



233. The system of claim 232 wherein the radius of the A shell is r A , and the polar radial 
15 coordinate of the ellipse and the radius of the A shell are equal at the point of intersection 
such that 

, and 



1 + - 

r A ={a-C) *- 



1 + — COS0 T 

a 

the polar angle 9 ' at the intersection point is given by 



0 1 = cos 



-1 



(a-C)- 



a 



-1 



J J 



20 



234. The system of claim 233 wherein the angle 0 AAO the radial vector of the A AO 
makes with the internuclear axis is 



0^ o =18O°-0' 
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235. The system of claim 234 wherein the distance from the point of intersection of the 
orbitals to the intemuclear axis must be the same for both component orbitals such that the 
angle cot = 0 HiMO between the intemuclear axis and the point of intersection of each H 2 -type 
ellipsoidal MO with the A radial vector obeys the following relationship: 

5 r A sm0 AAO =bsinO H2MO 



such that 



-i r a sme AAO 



the distance d H ^ MO along the intemuclear axis from the origin of H 2 -type ellipsoidal 
MO to the point of intersection of the orbitals is given by 
10 d H2MO =acose H2UO ,tm& 

the distance d AAO along the intemuclear axis from the origin of the A atom to the 
point of intersection of the orbitals is given by 

AO = C "~ ^ H 2 MO ' 

15 236. The system of claim 235 where the bond angle is determined from the zero energy 
condition of the total energy of the potential bond between any pair of terminal atoms. 

237. The system of claim 236 where the force constant k'ofaH 2 -type ellipsoidal MO 
due to the equivalent of two point charges of at the foci is given by: 

where c r is the fraction of the # 2 -type ellipsoidal MO basis function of a chemical bond of 
the specie and c 2 is the factor that results in an equipotential energy match of the 
participating at least two atomic orbitals of the chemical bond. 

25 238. The system of claim 237 where the distance from the origin of the MO to each focus 
c ' is given by: 



\m e e 2 2k } a \ 2k' 
the intemuclear distance is 
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2c < = 2 



the length of the semiminor axis of the prolate spheroidal MO b = c is given by 



b = 4 a 2 -c' 2 , and 
and, the eccentricity, e 9 is 



e = — . 

a 



239. The system of claim 23 8 wherein the potential energy of the two electrons in the 
central field of the nuclei at the foci is 

-2e 2 



a + 4a-b 2 
%7ts Q 4a 2 -b 2 a-4a 2 -b 2 



In 



1 0 The potential energy of the two nuclei is 

P %ne B 4a 2 -b 2 
The kinetic energy of the electrons is 



T = c,c 2 



h 2 



^ln 



a + \/a 2 -b 2 



and 



2m e a4a 2 -b 2 a-sja 2 -b 2 
The energy, V m , of the magnetic force between the electrons is 



15 



, a + yla 2 -b 2 A 
rln , , and 



\m e a4a 2 -b 2 a-4a 2 -b 2 
The total energy, E T , is given by the sum of the energy terms: 



E T =V e +T + V m +V p 



KksJci 2 -b 2 



V 



a + 4a 2 -b 2 



a J a-4a 2 -b 2 



2-^-lln 



-1 



c,c 2 | 2 — 2- In --1 

121 a J a-c r 



where c x is the fraction of the H 2 -type ellipsoidal MO basis function of a chemical bond of 
20 the specie, and c 2 is the factor that results in an equipotential energy match of the 
participating at least two molecular or atomic orbitals of each chemical bond. 
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240. The system of claim 239 wherein during bond formation, the electrons undergo a 
reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E osc is 
the difference between the Doppler and average vibrational kinetic energies: 



E osc =E D + E Kvlb =(V e +T +V m + V p )^ + n l ^nJKa D d 



5 The total energy is 



E T =V e +T + V m +V p +E osc 



a 



2~^~ In 



a 



a + c' 



-1 







c x c 2 e 2 








4ns 0 a 3 








2 \/i 


m e c 2 



where c x is the fraction of the H 2 -type ellipsoidal MO basis function of a chemical bond of 
the specie, and c 2 is the factor that results in an equipotential energy match of the 
10 participating at least two molecular or atomic orbitals of each chemical bond. 



1 / k 

24 1 . The system of claim 240 wherein the vibrational energy — h I — is given by 

2 Vju 



2 



%7V8 0 a %7ts 0 {a + c') 



15 



where ju is the reduced mass of the nuclei. 

242. The system of claim 241 wherein the energy components of are V e , V p9 T\ V m , and 
E T 9 except that the terms based on charge are multiplied by four and the kinetic energy term 
is multiplied by two due to a cr -MO double bond. 



20 243 . The system of claim 242 wherein c ' = a A — — = A / — - is substituted into the 



equation for E T which is set equal to zero, and the semimajor axis is solved. 
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244. The system of claims 243 and 63 wherein the distance from the origin of the H 2 -type- 
ellipsoidal-MO to each focus c\ the internuclear distance 2c\ and the length of the 
semiminor axis of the prolate spheroidal H 2 -type MO b = c are solved from the semimajor 
axis a. 

245. The system of claim 244 wherein with 2c' A _ B defined as the internuclear distance of 
each A-B bond and C = 2c \__ B defined as the internuclear distance of the two terminal B 
atoms, the bond angle between the A-B bonds is given by the law of cosines is 

' 2{2c\_ B ) 2 -(2c\_ B f 



e = cos -1 



2(2cVb) 



10 



246. The system of claim 245 wherein the specie comprises more than two bonds with one 
A-B bound along an axis defined as the vertical or z-axis and any two A~B bonds form an 
isosceles triangle; the angle of the bonds from the defined axis is determined from the 
geometrical relationships: 
1 5 the distance d origin _ B from the origin to the nucleus of a terminal B atom is given by 

2c' 



B~B 



orim ~ B 2sin60°' 

the height along the z-axis from the origin to A nucleus d height is given by 

d hefght = fa' A-B f ~{ d ori S in-B) 2 

the angle 6 V of each A-B bond from the z-axis is given by 



20 6> = tan 



a origm-B 
y ^height J 



247. The system of claim 246 wherein the vibrational energies are determined by the 
forces between the central field and the electrons and those between the nuclei; said electron- 
central-field force and its derivative are given by 

25 /(*) = - 



and 
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^BO 



,3 ? 



said nuclear repulsion force and its derivative are given by 



/(2c') = 



8ne 0 (2c*) 2 



and 



/'(2c') = - 



4^ 0 (2c') 3 

such that the angular frequency of the oscillation is given by 



CO 




1 



'BO 



4ra? 0 jg 3 8?re 0 (2c') 2 



where //= ^ 2 is the reduced mass of the nuclei, £ is 6 or a, c BO is the bond-order 

factor which is 1 for a single bond, 4 for a double bond, and 9 for a triplet bond, c, is the 
10 fraction of the H 2 -type ellipsoidal MO basis function of a chemical bond of the specie, and 
c 2 is the factor that results in an equipotential energy match of the participating at least two 
molecular or atomic orbitals of each chemical bond. 

248. The system of claim 247 wherein the transition-state vibrational energy, E vib (0) , 
15 given by Planck's equation is: 

E vib {0) = ha> 



249. The system of claim 248 wherein the energy v 0 of state v is given by 
v a =ueo 0 -u(v-l)a) 0 x 0 , o = 0,1,2,3... 

20 where 



a) 0 x 0 = 



hccol 
4A 



co 0 is the frequency of the o = 1 -» v = 0 transition, and D 0 is the bond dissociation energy. 
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250. The system of claim 249 wherein ct) 0 is given by 
<o Q =E vtb (0)-2<s> 0 x 0 ,and 

*> 0 =^(0)-2^ 



4A 



such that 



^^ 0 -^-£ v/6 (0) = 0,and 



he 



2D, 

he 



he 



+ 



25 1 . The system of claim 250 wherein B e , the rotational parameter, for A-B is given by: 

e 2I e he 

10 where / = jur 2 , r - 2c f , and ju is the reduced mass. 



252. The system of claim 25 1 wherein the vibrational energy levels of the A- A and 
A-B bonds of the specie are solved as sets of coupled atomic harmonic oscillators wherein 
each atom of a chain of bonds is further coupled to at least one additional harmonic 

1 5 oscillators by using the Lagrangian, the differential equation of motion, and the eigenvalue 
solutions wherein the spring constants are derived from the central forces. 

253. The system of claim 252 wherein the vibrational energy levels of the C - C bonds of 
C n H 2n+2 are solved as n-~\ sets of coupled carbon harmonic oscillators wherein each carbon 

20 is further coupled to two or three equivalent H harmonic oscillators by using the Lagrangian, 
the differential equation of motion, and the eigenvalue solutions wherein the spring constants 
are derived from the central forces. 

254. The system of claim 253 wherein E D (C„H 2fJ+2 ) , the total bond dissociation energy of 
25 C„H 2n + 2 9 is given as the sum of the energy components due to the two methyl groups, n-2 

methylene groups, and n — l C — C bonds. 
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255. The system of claim 254 wherein the total bond dissociation energy of C„H 2n+2 is 
given by 

E D {C n H 2n ^E D (C-C)^ + 2E^ ("CH 3 ) + (n-2)E^ (»CH % ) 

= (/i-l)(4.32754 <?F)4-2(12.49186 er) + (n-2)(7.83016 eV) 
wherein the calculated and measured values and constants recited in the equations herein can 
5 be adjusted, for example, up to ± 10%, if desired. 

256. The system of claim 255 wherein the exact solution for the dimensional parameters, 
charge density functions, and energies of molecules are determined using the results for the 
determination of C n H 2n+2 and the functional groups as basis sets that are linearly combined. 

10 

257. The system of claim 256 wherein one or more of the hydrogen atoms of the solution 
for C n H 2n+2 are substituted with one or more of the previously solved functional groups or 
derivative functional groups to give the parameters of a desired molecule. 

15 258. The system of claim 257 wherein the parameters of a given molecule are given by 
energy matching each group to C n H 2n+2 . 

259. The system of claim 258 wherein substitution of one or more H 's of C n H 2n+2 with 

functional groups from the list of CH 3 9 other C n H 2n+2 groups, H 2 C = CH 2 , HC = CH , F , 

20 CI , O, OH, NH , NH 2 9 CN,NO, N0 2 , CO, C0 2 , and C 6 H 6 give the solutions of 

branched alkanes, alkenes, and alkynes, alkyl halides, ethers, alcohols, amides, amines, 
nitriles, alkyl nitrosos, alkyl nitrates, aldehydes, ketones, carboxylic acids, esters, and 
substituted aromatics. 

25 260. A composition of matter comprising a plurality of atoms, the improvement 

comprising a novel property or use discovered by calculation of at least one of 

a bond distance between two of the atoms, 

a bond angle between three of the atoms, and 

a bond energy between two of the atoms, 
30 orbital intercept distances and angles, 
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charge-density functions of atomic, hybridized, and molecular orbitals, 
the bond distance, bond angle, and bond energy being calculated from physical solutions of 
the charge, mass, and current density functions of atoms and atomic ions, which solutions are 
derived from Maxwell's equations using a constraint that a bound electron(s) does not radiate 
5 under acceleration. 

261 . A composition of matter according to claim 260, wherein the novel property is a new 
pharmaceutical use. 

10 262. A composition of matter according to claim 261 that is novel, wherein the novel 
property is stability at room temperature of a new arrangement of atoms or ions. 

263. A novel composition of matter discovered by calculating at least one of 
a bond distance between two of the atoms, 

15a bond angle between three of the atoms, and 
a bond energy between two of the atoms, 
orbital intercept distances and angles, 

charge-density functions of atomic, hybridized, and molecular orbitals, 
the bond distance, bond angle, and bond energy being calculated from physical solutions of 
20 the charge, mass, and current density functions of atoms and atomic ions, which solutions are 
derived from Maxwell's equations using a constraint that a bound electron(s) does not radiate 
under acceleration. 

264. A system of determining at least one of 
25 a bond distance between two of the atoms, 

a bond angle between three of the atoms, and 
a bond energy between two of the atoms, 
orbital intercept distances and angles, 

charge-density functions of atomic, hybridized, and molecular orbitals, 
30 wherein the bond distance, bond angle, and bond energy being calculated from physical 
solutions of the charge, mass, and current density functions of atoms and atomic ions, which 
solutions are derived from Maxwell's equations using a constraint that the bound electron(s) 
does not radiate under acceleration. 
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265. The system of claim 264 3 further comprising discovering a new composition of 
matter. 

5 266. The system of claim 1 9 wherein the nature of said specie includes the nature of a 
chemical bond thereof. 

267. The system of claim 1 ? wherein at least one bond angle between three atoms is 
computed and displayed. 

10 

268. The system of claim 1 , wherein at least one bond distance between two atoms is 
computed and displayed. 

269. The system of claim 1, wherein at least one geometric component is computed and 
15 displayed. 

270. The system of claim 1, wherein at least one potential energy between an electron and 
a nucleus is computed. 

20 27 1 . The system of claim 1 9 wherein at least one potential energy between two nuclei is 
computed. 

272. The system of claim 1 ? wherein at least one kinetic energy of an electron is computed. 

25 273. The system of claim 1, wherein at least one magnetic energy between electrons is 
computed. 

274. The system of claim 1 5 wherein at least one total energy of a bond is computed. 

30 275. The system of claim 1, wherein at least one change in atomic energy between atoms 
due to bonding is computed. 
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276. The system of claim 1, further comprising at least one database of functional groups 
and at least one database of molecules, molecular ions, and/or molecular radicals, 
characterized in that the functional groups, molecules, molecular ions, and molecular radicals 
having the nature of their chemical bonds computed by the Maxwillian solutions of charge, 

5 mass, and current density, or both databases being combined into one database or split into 
multiple databases, and the processing means being in communication with the databases or 
combined database. 

277. The system of claim 1, further comprising at least one database of functional groups 
10 having the nature of their chemical bonds computed by the Maxwillian solutions of charge, 

mass, and current density. 

278. The system of claim 276, further comprising means for selecting a desired first 
functional group, characterized in that the selected functional group is displayed with open 

15 bonds being displayed, means for selecting an open bond, means for selecting a second 
functional group to be bound to the first functional group, characterized in that the second 
functional group is displayed with open bonds being displayed, means for selecting an open 
bond on the second functional group, and means for combining the selected bonds, whereby 
at least a portion of a desired molecule is displayed. 

20 

279. The system of claim 276, further comprising selecting and combining functional 
groups until a desired molecule is displayed. 

280. The system of claim 277, further comprising means for selecting a desired first 

25 functional group, characterized in that the selected functional group is displayed with open 
bonds being displayed, means for selecting an open bond, means for selecting a second 
functional group to be bound to the first functional group, characterized in that the second 
functional group is displayed with open bonds being displayed, means for selecting an open 
bond on Hie second functional group, and means for combining the selected bonds, whereby 

30 at least a portion of a desired molecule is displayed. 

28 1 . The system of claim 277, further comprising selecting and combining functional 
groups until a desired molecule is displayed. 
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282. The system of claim 1, further comprising a means for inputting the chemical 
structure of a desired molecule and parsing the inputted molecule into functional groups. 

5 283. The system of claim 282, further comprising a database of functional groups having 
the nature of their chemical bonds computed by the Maxwillian solutions of charge, mass, 
and current density, characterized in that the processing means combines the functional 
groups and the desired molecule is displayed. 

10 284. The system of claim 282, wherein the chemical structure is imputed using a 
Simplified Molecular Input Line Entry System. 

285. The system of claim 283, wherein the chemical structure is imputed using a 
Simplified Molecular Input Line Entry System. 

15 

286. The system of claim 282, wherein the Simplified Molecular Input Line Entry System 
is SMILES. 

287. The system of claim 283, wherein the Simplified Molecular Input Line Entry System 
20 is SMILES. 

288. The system according to claim 1, wherein the force generalized constant k y of a H 2 - 
type ellipsoidal MO due to the equivalent of two point charges at the foci is given by: 

fc. = °iW^ (15.1) 

25 where C x is the fraction of the H 2 -type ellipsoidal molecular orbital basis function of a 

chemical bond of the specie and C 2 is the factor that results in an equipotential energy match 
of the participating at least two molecular or atomic orbitals of the chemical bond. 
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289. The system according to claim 1, wherein the distance from the origin of the MO to 
each focus c 1 is given by: 



, _ 1 h 2 47ts Q _ / aa Q 
C " a \) m e e 2 2C x C 2 a ™ )f 2C X C 2 

5 

the internuclear distance is 



(15.2) 



2c' = 2j-^a_ (15.3) 
the length of the semiminor axis of the prolate spheroidal MO b = c is given by 



10 h = 4a 2 -c' 2 (15.4) 



and, the eccentricity, e , is 



<2 = 

a 



(15.5). 



15 

290. The system according to claim 289, wherein a potential energy of the electrons in the 
central field of the nuclei at the foci is 

K = n x c x c 2 , In / _— - (15.6) 

where ^ is the number of equivalent bonds of the MO for functional groups and in the case 
20 of independent MOs not in contact with the bonding atoms, the terms based on charge are 
multiplied by c BO , the bond-order factor, which is 1 for a single bond, 4 for an independent 
double bond and 9 for an independent triplet bond. 

291 . The system according to claim 1 ? wherein the potential energy of the two nuclei is 

25 v >=* — rr=r? (15 - 7) - 

Knsja 2 -b 2 



292. The system according to claim 1, wherein the kinetic energy of the electrons is 
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h 2 t a + 4a 2 ~b 2 
T = n x c Y c 2 , In , 

2m p a V a 2 - b 2 a - V a 2 - b 2 



(15.8) 



where is the number of equivalent bonds of the MO for functional groups and in the case 
of independent MOs not in contact with the bonding atoms, the terms based on charge are 
multiplied by c BO , the bond-order factor, which is 1 for a single bond, 4 for an independent 
5 double bond and 9 for an independent triplet bond. 



293. The system according to claim 1, wherein the energy, V m 9 of the magnetic force 
between the electrons is 

-h 2 



rln 



a + ^a 2 -b 2 



(15.9) 



4m e a\la 2 -b 2 . a - sja 2 -b 2 
10 where ^ is the number of equivalent bonds of the MO for functional groups and in the case 
of independent MOs not in contact with the bonding atoms, the terms based on charge are 
multiplied by c BO , the bond-order factor, which is 1 for a single bond, 4 for an independent 
double bond and 9 for an independent triplet bond. 



15 294. The system according to claim 1, wherein total energy of the H 2 -type prolate 
spheroidal MO, E T {h 2 mo) , is given by the sum of the energy terms: 

E T (h 2 mo) = V e +T + V m +V p (15.10) 



E T (h 2 mo) = • 



KneAcf-b 2 



c x c 2 



2-^lln 



/ 2 _o 1 \ _ a + ^Ja 2 -b 2 



V 



a 



In 



a~4a 2 -b 2 



-1 



(15.11) 



-1 



a ) a — c 

20 where y\ is the number of equivalent bonds of the MO for functional groups and in the case 
of independent MOs not in contact with the bonding atoms, the terms based on charge are 
multiplied by c BO , the bond-order factor, which is 1 for a single bond, 4 for an independent 
double bond and 9 for an independent triplet bond. 



25 
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295. The system according to claim 1 , wherein the total energy E T {atom, msp 3 ) (m is the 

integer of the valence shell) of the AO electrons and the hybridized shell is given by the 
sum of energies of successive ions of the atom over the n electrons comprising total 
electrons of the at least one AO shell according to the formula: 

E T {atom,msp 3 ) = -JiP w (15.12 
where IP m is the m th ionization energy (positive) of the atom. 



296. The system according to claim 295, wherein the radius r 3 of the hybridized shell is 



msp 



given by: 



10 r 3 = V ( f g>2 3X (15.13). 

msp q=z-nS7rs 0 E T t atom, msp J 



297. The system according to claim 295, wherein the Coulombic energy 

E Cmdomb {atom, msp* ) of the outer electron of the atom msp 3 shell is given by 



E couio mb {atom, msp 3 ) = ^— — (15.14). 

0 msp 3 

15 

298. The system of claim 296, wherein in the case that during hybridization at least one of 
the spin-paired AO electrons is impaired in the hybridized orbital (HO), the energy change 
for the promotion to the unpaired state is the magnetic energy E(magnetic) at the initial 
radius r of the AO electron: 

2-F-2 o , ,.2 



20 



E(magnetic) = 2fSd^ = (15.15) 
mr 



then, the energy E {atom, msp 3 } of the outer electron of the atom msp 3 shell is given by the 
sum of E Coulomb {atom, msp 3 } and E (magnetic) : 

E { atom, msp 3 )= + 2 ^f **' (15.16). 



" Q msp 3 



25 
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299. The system according to claim 295, wherein the total energy E T {moLatom, msp 3 ) (m 

is the integer of the valence shell) of the HO electrons is given by the sum of energies of 
successive ions of the atom over the n electrons comprising total electrons of the at least 
one initial AO shell and the hybridization energy: 

n 

E T {moLatom, msp 3 ) = E{atom, msp 3 IP m (15.17) 

m=2 



where IP m is the m th ionization energy (positive) of the atom and the sum of -IP X plus the 
hybridization energy is E {atom, msp 3 ) . 



10 300. The system of claim 299, wherein the radius r mm3 of the hybridized shell is given by: 

(15.18) 



r 3 = 

msp 



msp 

z-i "\ n i 



£ (Z-<jO-s(0.25) 



8?r£ Q E T {moLatom, msp 3 ) 
where s = h 2, 3 for a single, double, and triple bond, respectively. 

301. The system of claim 299, wherein the Coulombic energy E Coulomb {moLatom,msp 3 ) of 
15 the outer electron of the atom msp 3 shell is given by 

— e 2 

^comomb {moLatom, msp 3 ) = - — (15.19). 



u msp 



302. The system of claim 298, wherein in the case that during hybridization at least one of 
the spin-paired AO electrons is unpaired in the hybridized orbital (HO), the energy change 
20 for the promotion to the unpaired state is the magnetic energy E{magnetic) at the initial 

radius r of the AO electron given by Eq. (15.15). Then, the energy E {moLatom, msp 3 ) of 
the outer electron of the atom msp 3 shell is given by the sum of E Coulomb {moLatom, msp 3 ^ 
and E(magnetic) : 

E { moLatom, msp 3 ) = ^ + 2n ^ff (1 5 .20) 

v J $7ve n r 3 mV 
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E T {atom - atom, msp 3 ) , the energy change of each atom msp 3 shell with the formation of 
the atom-atom-bond MO is given by the difference between E^moLatom, msp 3 ) and 
E{atom,msp 3 } : 

E T ( atom - atom, msp 3 ) = E ( mohatom, msp 3 ) - E ( ato, msp 3 ) (15.21). 

5 

303. The system of claim 295, wherein E Coulomb {moLatom, msp 3 ) is one of: 

& Coulomb {C ethylene >2sp 3 ^, E CouIomb (C % eiham ,2sp ) ? & Coulomb {p acetylene > ^ S P ) ? 
^Coulomb {palkane^ S P ) > 

(^™> ^ ) is one of E couiomb (C, 2sp 3 ) and E Coulomb (ci, 3sp 3 ) ; 
10 E [moLatom, msp 3 ) is one of E ( C ethylme , 2sp 3 ), E(C ethane ,2sp 3 ), 

E{C acelyle „ e ,2sp 3 ) E{C alkane ,2sp 3 ); 

E {atom, msp 2 ) is one of and E{C, 2sp i ) and E {d, 3sp 3 ) ; 
E T {atom - atom, msp 1 ) is one of e{c -C,2sp 3S j , E{c = C,2sp 3 }, and. 

15 atom msp 3 is one of C2sp 3 , Cl3sp 3 

E T {atom -atom{s 1 ), msp 3 ^ is E T {C-C, 2sp 3 } and E T {atom- atom {s 2 ), msp 3 is 

£ r (c = C,2,yp 3 ), and 

is one of t* f* v f f and t* 

msp 3 C2sp 3 5 ethanelsp 3 ? ethylenelsp 3 5 acetylenelsp 2 5 alkane2sp 3 ? C/3sp 3 " 

In the case of the C2sp 3 HO, the initial parameters (Eqs. (14.142-14.146)) are 

20 r 3 = T ( z ~ w ) g2 = 10g2 = 0.91771a 0 (15.22) 

2 ^ ^ %tvs 0 (el 48.25751 eV) $tvs 0 (el48.25751 eV) 



2 2 

E couio mb {C,2sp 3 ) = — — = — = -14.82575 eV (15.23) 

coulomb \ v ) %JCB j 8^ 0 0.9177kz 0 

E(magnetic)= 2m ° e2n l = 8w< * , =0.19086 (15.24) 
^(O (0.84317a 0 ) 3 
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jE(C,25p 3 ) = - 



2^2 



-e 27Vju 0 e 2 h 



= -14.82575 eV + 0A9086eV (15.25) 
= -14.63489 eV 

wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 



5 304. The system of claim 300, wherein 



£ <Z-g) = 10 



(15.26) 



q-Z-n 



Equations (14.147) and (15.17) give 

E T (mol.atom,msp 3 ) = E T {C elhane ,2sp 3 ) = -151.61569 eV (15.27) 
and using Eqs. (15.18-15.28), the final values of r C2s 3 , E Coulomb (C2sp 2 ), and E[C2sp 3 ) , and 



BO 



10 the resulting E T \C -C, C2sp 3 of the MO due to charge donation from the HO to the MO 



BO 



where C — C refers to the bond order of the carbon-carbon bond for different values of the 
parameter * are given in Table 15.1. 



Table 15.1: 



15 



MO 
Bond 
Order 
(BO) 


* i 


s 2 


Final 


E Coulomb (C2sp 3 )(pV) 
Final 


E{C2sp 3 ) 

(eV) 
Final 


E T [c-C,C2sp 3 ^j 
(eV) 


I 


l 


0 


0.87495 


-15.55033 


-15.35946 


-0.72457 


n 


2 


0 


0.85252 


-15.95955 


-15.76868 


-1.13379 


in 


3 


0 


0.83008 


-16.39089 


-16.20002 


-1.56513 


rv 


4 


0 


0.80765 


-16.84619 


-16.65532 


-2.02043 



wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 
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305. The system of claim 295, wherein a minimum-energy bond with the constraint that it 
must meet the energy matching condition for all MOs at all HOs or AOs, the energy 

E{moLatom,msp 3 ^ of the outer electron of the atom msp 3 shell of each bonding atom is 

the average of E{moLatom,msp 3 } for two different values of s : 

/ v E[moLatom ) , msp 3 ) 4- EymoLatom (s 2 ) , msp 3 J 

5 E(moLatom,msp } = — (15.28). 

2 

306. The system of claim 305, wherein in the case, E T [atom - atom, msp 3 ) , the energy 

change of each atom msp 3 shell with the formation of each atom-atom-bond MO, is 

average for two different values of s : 

. E T (atom — atom (si), msp 3 ) + E r ( atom -atom (s 2 ), msp 3 ) 
10 E T (atom -atom, msp 3 ) = -^ V x} * } n V 2/ ' (15.29). 



307. The system of claim 305, wherein a first MO and its HOs comprising a linear 

combination of bond orders and a second MO that shares a HO with the first. In addition 
to the mutual HO, the second MO comprises another AO or HO having a single bond 
1 5 order or a mixed bond order, in order for the two MOs to be energy matched, the bond 
order of the second MO and its HOs or its HO and AO is a linear combination of the 
terms corresponding to the bond order of the mutual HO and the bond order of the 
independent HO or AO, and in general, E T [atom - atom, msp 3 ) , the energy change of 

each atom msp 3 shell with the formation of each atom-atom-bond MO, is a weighted 
20 linear sum for different values of s that matches the energy of the bonded MOs, HOs, and 
AOs: 

N 

E T [atom - atom, msp 3 ) = X c * n {atom - atom (s n ) , msp 3 J (15.30) 

77=1 

where c s is the multiple of the BO of s n . The radius of the atom msp 3 shell of each 
bonding atom is given by the Coulombic energy using the initial energy E Coulomb {atom, msp 3 ) 
25 and E T {atom - atom, msp 3 ) , the energy change of each atom msp 3 shell with the formation 
of each atom-atom-bond MO : 
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r 3= 7 7 ~ 7— vT (15.31) 



&7t£ 0 a 0 [E Couloflb [atom, msp 3 ) + E T [atom ~ ^m, msp 3 ^ 
where £ CflBta6 (C2sp 3 ) = -14.825751 eV 



5 308. The system of claim 307, wherein the Coulombic energy E Couhmb [mohatom^msp 3 
the outer electron of the atom msp 3 shell is given by Eq. (15.19). 

309. The system of claim 308, wherein in the case that during hybridization, at least one of 
the spin-paired AO electrons is unpaired in the hybridized orbital (HO), the energy change 
10 for the promotion to the unpaired state is the magnetic energy E (magnetic) (Eq. (15.15)) 

at the initial radius r of the AO electron. Then, the energy E [mol.atom, msp 3 ) of the 
outer electron of the atom msp 3 shell is given by the sum of E Coulomb [mohatom^msp 3 ) 
and E (magnetic) (Eq. (15.20)). 

15 310. The system of claim 308, wherein, E T [atom - atom y msp 3 ) , the energy change of each 
atom msp 3 shell with the formation of the atom-atom-bond MO is given by the difference 
between E [moLatom,msp 3 ) and E [atom, msp 3 ) given by Eq. (15.21). 



20 311. The system of claim 310, wherein using the equation (1 5.23) for E Coulomh (C, 2sp 3 ) in 

equation (15.31), the single bond order energies given by Eqs. (15.18-15.27) and shown in 
Table 15.1, and the linear combination energies (Eqs. (15.28-15.30)), the parameters of 
linear combinations of bond orders and linear combinations of mixed bond orders are 
given in Table 15.2, wherein the calculated and measured values and constants recited in 
25 the equations herein can be adjusted, for example, up to ± 10%, if desired. 

312. The system of claim 295, wherein the radius r mol2j ^ of the C2sp 3 HO of a carbon 
atom of a given specie is calculated using Eq. (14.514) by considering 
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2] E T / {MO, 2sp 3 ) 9 the total energy donation to each bond with which it participates in 
bonding. 



5 313. The system of claim 1 , wherein equation for the radius is given by 

2 



—e 



r 

mollsp- 



e 2 



8^ 0 (el4.825751 eV + Y\ E T mol (MO,2sp*)ty 



3 14. The system of 295, wherein the Coulombic energy E Coulomb [rnoLatom.msp 3 ) of the 
outer electron of the atom msp 3 shell is given by Eq. (15.19). 

10 

315. The system of claim 295, in the case that during hybridization, at least one of the 
spin-paired AO electrons is unpaired in the hybridized orbital (HO), the energy change for 
the promotion to the unpaired state is the magnetic energy E (magnetic) (Eq. (15.15)) at 

the initial radius r of the AO electron. Then, the energy E{moLatom,msp 3 } of the outer 
15 electron of the atom msp 3 shell is given by the sum of E Coulomb {mol.atom, msp 3 ) and 
EQnagnetic) (Eq. (15.20)). 



316. The system of claim 315, wherein for the C2sp 3 HO of each methyl group of an 
alkane contributes -0.92918 eV (Eq. (14.513)) to the corresponding single C-C bond; 
20 the corresponding C2sp 3 HO radius is given by Eq. (14.514). The C2sp 3 HO of each 
methylene group of C„H 2n+2 contributes -0.92918 eV to each of the two corresponding 
C — C bond MOs, wherein the calculated and measured values and constants recited in 
the equations herein can be adjusted, for example, up to + 10%, if desired. 

25 317. The system of claim 316, wherein the radius (Eq. (15.32)), the Coulombic energy 
(Eq. (15.19)), and the energy (Eq. (15.20)) of each alkane methylene group are 
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-e 2 



— ^o(Ec oulomb ( C ' 2s P 3 ) + Z E T^ (methylene C-C,2sp 3 )) 



e 2 



8^ 0 (el4.825751 eF + e0.92918 eF + e0.92918 eV) 

(15.33) 



= 0.81549a 0 



E^C^.^). - 8 e ; 549ao) =-16.68412 eK (15.34) 



x + 2^/ 0 g 2 fe 2 3 = . 16 49325 e p (15.35) 



^ ^' 8^ 0 (0.81549a 0 ) m e 2 (0.843 17a 0 ) 



5 wherein the calculated and measured values and constants recited in the equations 

herein can be adjusted, for example, up to ± 10%, if desired. 

318. The system of claim 316, wherein in the determination of the parameters of functional 
groups, heteroatoms bonding to C2sp 3 HOs to form MOs are energy matched to the 

10 C2$p 3 HOs, the radius and the energy parameters of a bonding heteroatom are given by 
the same equations as those for C2sp 3 HOs. 

319. The system of claim 318, wherein using Eqs. (15.15), (15.19-15.20), (15.24), and 
(15.32) in a generalized fashion, the final values of the radius of the HO or AO, 

15 

r Mom. ho. ao > ^Couiomh {vnol.atom, msp 3 ) , and Ei^C nwl 2sp 3 ) are calculated using 
^ E T (MO, 2sp 3 ) , the total energy donation to each bond with which an atom 



f BO \ 

participates in bonding corresponding to the values of E T C - C, C2sp 3 

\ J 



of the MO due 



to charge donation from the AO or HO to the MO given in Tables 15.1 and 15.2 and the 
final values of r AtomMOM , E Coulomb [molatom, msp 3 and E(C mol 2sp 3 ) calculated using 

20 the values of E T - C, C2$p 3 j given in Tables 15.1 and 1 5 .2 are shown in Tables 

15.3 A and 15.3B in the specification, wherein the calculated and measured values and 
constants recited in the equations herein can be adjusted, for example, up to ± 10%, if 
desired. 
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320. The system of claim 319, wherein the energy of the MO is matched to each of the 
participating outermost atomic or hybridized orbitals of the bonding atoms wherein the 
energy match includes the energy contribution due to the AO or HO's donation of charge 

5 to the MO. 

321 . The system of claim 320, wherein the force constant k % (Eq. (15.1)) is used to 
determine the ellipsoidal parameter c' (Eq. (15.2)) of the each H 2 -type-ellipsoidal-MO in 
terms of the central force of the foci, c ' is substituted into the energy equation (from Eq. 

10 (15.1 1))) which is set equal to ^ times the total energy of H 2 where f\ is the number of 
equivalent bonds ofthe MO and the energy of H 2 , -31.63536831 eV , Eq. (11.212) is 
the minimum energy possible for a prolate spheroidal MO, wherein the calculated and 
measured values and constants recited in the equations herein can be adjusted, for 
example, up to ± 10%, if desired. 



322. The system of claim 321, wherein the energy equation and the relationship between 
the axes, the dimensions of the MO are solved, the energy equation has the semimajor 
axis a as it only parameter, the solution ofthe semimajor axis a allows for the solution 
of the other axes of each prolate spheroid and eccentricity of each MO (Eqs. (15.3-15.5)), 

20 and the parameter solutions then allow for the component and total energies ofthe MO to 
be determined. 

323. The system of claim 1, wherein the total energy, E T (h 2 mo) , is given by the sum of the 



where f\ is the number of equivalent bonds of the MO, c x is the fraction ofthe Z7 2 -type 



15 



25 



energy terms (Eqs. (15.6-15.11)) plus E T (AO/HO): 
E T {h 2 mo) = V e +T + V m +V p +E T (AO/ HO) (1 5.36) 




-1 +E T (AO/HO) 



(15.37) 
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ellipsoidal MO basis function of a chemical bond of the group, c 2 is the factor that results in 
an equipotential energy match of the participating at least two atomic orbitals of each 
chemical bond, and E T (AO I HO) is the total energy comprising the difference of the energy 

E(AO I HO) of at least one atomic or hybrid orbital to which the MO is energy matched and 

5 any energy component kJL H ^ MO [AO I HO) due to the AO or HO's charge donation to the MO. 

324. The system of claim 323, wherein 

E T {AOI HO) = E(AO/ HO) - HE^ MO (AO/ HO) (15.38) 



10 325. The system of claim 324, wherein as specific examples, E T (AO I HO) is one from 
the group of 

E T (AO I HO) = E(02p shell) = -EQonization; O) = -13.6181 eV ; 
E T (AO I HO) = E(N2p shell) = -EQonization; N) = -14.53414 eV ; 
E T (AO I HO) = E(c,2sp 3 ) = -14.63489 eV ; 
15 E T (AO I HO) = E CoM (Cl,3sp 3 ) = -14.60295 eV ; 

E T (AO I HO) = EQonization; C) + E (ionization; C + ); 
E T (AO I HO) = E(C elhane ,2sp 3 ) = -15.35946 eV ; 
E T (AO I HO) = +E(C ethylene ,2sp 3 )-E(C ethylene ,2sp 3 ) ; 

E T (AO I HO) = E(C,2sp 3 )-2E T (C = C,2sp 3 ) = -14.63489 eV -(-2.26758 eV) ; 
20 E T (AO I HO) = E(C acelylene ,2sp 3 ) - E (C acetylene , 2sp 3 ) - E (C acetylene , 2sp 3 ) = 1 6.20002 eV ; 
E T (AO I HO) = E(C,2sp 3 )- 2E T (C ~ C, 2sp 3 ) = -14.63489 eV - (-3.13026 eV) ; 
E T (AO/HO) = E (C benzene ,2sp 3 )-E( C bemene , 2sp 3 ) ; 

E T (AO/HO) = E(C,2sp 3 )-E T (c = C,2sp 3 ) = -14.63489 eV - (-1.13379 eV) , and 

E T (AO I HO) = E(c alka „ e ,2sp 3 ) =-15.56407 eV , wherein the calculated and measured 

25 values and constants recited in the equations herein can be adjusted, for example, up to + 
10%, if desired. 
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326. The system of claim 1 5 wherein to solve the bond parameters and energies, 



TcAns* 



o _ 



aa 



m Q e 2 2C x C 2 a \ 2C A 

,2 



E T [h 2 mo) = — 



^- (Eq. (15.2)) is substituted into E T [h % mo) to give 

+ E T {AOiHO) 



C l C 2 



2~3Uln 



a 



a + ^a 2 ~b 2 
a -4a 



-1 



8?vs Q c' 



C 1 C 2 


( 

2- 




In 


a + c' j 











2 b 2 

+ E T (AOlHO) 



Cl c 2 \2-^\\xx- 





aa 0 


2C,C 2 






2C t C 2 



-1 



+ E T (AO/HO) 



(15.39) 

5 wherein the total energy is set equal to E(basis energies) which in the most general case is 
given by the sum of a first integer f\ times the total energy of H 2 minus a second integer n 2 
times the total energy of H 9 minus a third integer n 3 times the valence energy of E(AO) 
(e.g. E(N) = -14.53414 eV) where the first integer can be 1,2 ? 3... ? and each of the second 
and third integers can be 0 ? 1, 2 5 3 . . . . 

10 

327. The system of claim 326, wherein 

E(basis energies) = ^(-31 .6353683 1 eV)- n 2 (-13 .605804 eV) - n 3 E(AO) 
(15.40) 

in the case that the MO bonds two atoms other than hydrogen, E(basis energies) is ^ times 
15 the total energy of H 2 where ^ is the number of equivalent bonds of the MO and the energy 
of H 2 9 -3 1 .6353683 1 eF,Eq. (11 .212) is the minimum energy possible for a prolate 
spheroidal MO: 

E(basis energies) = n (-31.63536831 eV) (15.41) 

E T (h 2 mo) 9 is set equal to E(basis energies) 9 and the semimajor axis a is solved. 

20 

328. The system of claims 289 or 326, wherein the semimajor axis a is solved from the 
equation of the form: 
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'2CA 



a J 



In- 





aa 0 


2C,C 2 






2C,C 2 



-1 



+ E T (AO I HO) = E(basis energies) 



(15.42) 

The distance from the origin of the H 2 -type-ellipsoidal-MO to each focus c ' , the internuclear 
distance 2c \ and the length of the semiminor axis of the prolate spheroidal # 2 -type MO 
5 b-c are solved from the semimajor axis a using Eqs. (15.2-15.4). 

329. The system of claim 328, wherein the component energies are given by Eqs. (15.6- 
15.9) and (15.39). 

10 330. The system of claim 323 ? wherein the total energy of the MO of the functional 

group, E T (mo) , is the sum of the total energy of the components comprising the energy 
contribution of the MO formed between the participating atoms and 
E T {atom - atom, msp 3 .AO) , the change in the energy of the AOs or HOs upon forming 
the bond. 

15 

331. The system of claim 330, wherein from Eqs. (15.39-15.40), E T (mo) is 
E T (mo) = E(basis energies) + E T {atom - atom, msp 3 .AO) (1 5.43) 



332. The system of claim 33 1, wherein during bond formation, the electrons undergo a 
20 reentrant oscillatory orbit with vibration of the nuclei, and the corresponding energy E 01 

is the sum of the Doppler, E D , and average vibrational kinetic energies, E Kvib : 



mc 



(15.44) 



25 



where r\ is the number of equivalent bonds of the MO , k is the spring constant of the 
equivalent harmonic oscillator, and ju is the reduced mass. 

333. The system of claim 332, wherein the angular frequency of the reentrant oscillation 
in the transition state corresponding to E D is determined by the force between the central 



WO 2007/051078 



PCT/US2006/042692 



961 

field and the electrons in the transition state. 



334. The system of claim 3 33, wherein the force and its derivative are given by 



5 and 



f\a\ = 2c BO Cx ° C ^ e ] (15.46) 
such that the angular frequency of the oscillation in the transition state is given by 



CO- 



i 



-3 



a 



SO 



(15.47) 



where R is the semimajor axis a or the semiminor axis b depending on the eccentricity of 
10 the bond that is most representative of the oscillation in the transition state, c BO is the bond- 
order factor which is 1 for a single bond and when the MO comprises r\ equivalent single 
bonds as in the case of functional groups, c BO is 4 for an independent double bond as in the 
case of the C0 2 and N0 2 molecules and 9 for an independent triplet bond, C lo is the 
fraction of the H 2 -type ellipsoidal MO basis function of the oscillatory transition state of a 
1 5 chemical bond of the group, and C 2o is the factor that results in an equipotential energy match 
of the participating at least two atomic orbitals of the transition state of the chemical bond. 
Typically, C lo = C x and C 2o = C 2 , the kinetic energy, E K , corresponding to E D is given by 
Planck's equation for functional groups: 



E K = tico = Ti\ 



C C e 2 



in 



(15.48) 



20 



335. The system of claim 334, wherein the Doppler energy of the electrons of the reentrant 
orbit is 



m e c \ 



2h^ 


C lo C 20 e 2 


4xe 0 R 3 


Me 


m e c 2 



(15.49) 
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E m given by the sum of E D and E Kvib is 



E osc Uroup) = n 1 (E D + E Kvtb ) = «, 



i 



1M\ 



c xo c 2 y 



4xe 0 R 3 



E 



m„c 



vib 



(15.50) 



E hv of a group having «, bonds is given by E T (Mo)/n x such that 



E osc =n x {E D +E Kvib )^n l 



E T (Mo)/n 1 J^+-hJ- 



(15.51) 



5 E T+osc (croup) is given by the sum of E T {mo) (Eq. (15.42)) and E osc (Eq. (15.51)): 



E T+osc { Gro "p) = E T M + E o, 

(r 



o aa o 



°\2C X C 2 



c x c 2 \ 2-^lln- 



a + . 



aa n 



} 2C,C 2 



-1 



a- . 



aa n 



' 2C,C 2 



+E T (AO/ HO) + E T {atom - atom, msp 3 .AO) 



1 + 



2h^ 


C C e 2 


4ns 0 R 3 


m e 


m e c 2 



1 . k 

+ n,-hj— 
2 ill 



= {E(basis energies) + E T {atom — atom, msp 3 -AO^j 



1 + 



2h^ 


C C e 2 


4jve 0 R 3 


m e 


m e c 2 



2 V/* 



(15.52). 



336. The system of claim 335, wherein the total energy of the functional group E T {group) is 

1 0 the sum of the total energy of the components comprising the energy contribution of the 
MO formed between the participating atoms, E (basis energies') , the change in the energy 

of the AOs or HOs upon forming the bond ( E T {atom - atom, msp 3 .AO) ), the energy of 
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oscillation in the transition state ? and the change in magnetic energy with bond formation, 
E 



337. The system of claim 336, wherein from Eq. (15.52), the total energy of the group 

5 E T [Group) is 



E*p {Group) — 



(15.53). 



{E(basis energies) + E T {atom - atom, msp z .Aoty 
s +n x E Kvib + E mag 



2h\ 

i + lP 



C lo C 2o e 2 



772 



mc 



10 338. The system of claim 337, wherein the change in magnetic energy E mag which arises 

due to the formation of unpaired electrons in the corresponding fragments relative to the 
bonded group is given by 



&mag ~~ C 3 2 3 ~" 3 3 

777> r 



(15.54) 



where r 3 is the radius of the atom that reacts to form the bond and c 3 is the number of 
1 5 electron pairs. 



Erp (Group) — 



(15.55). 



^E (basis energies) + E T [atom — atom, msp 3 •Aoty 



1 + 



2/^ 


C, 0 C 2o e 2 


47te 0 R 3 


m e 


m„c 2 



339. The system of claim 338, wherein the total bond energy of the group E D {croup) is the 
20 negative difference of the total energy of the group (Eq. (15.55)) and the total energy of 
the starting species given by the sum of c A E inWal (c 4 AO I HO) and c 5 E initial (c s AO I HO) : 



WO 2007/051078 



PCT/US2006/042692 



964 



Ep (Group) — — 



(i? (basis energies) + E T [atom - atom, msp 2 .AO^ 
^E^c^^-^E^ (AO/HO) + c 5 E lnitlal (c 5 AO I HO)) 





2h^ 


4tvs 0 R 3 




m e 


m e c 2 



(15.56). 



340. The system of claim 336, wherein in the case of organic molecules, the atoms of the 
5 functional groups are energy matched to the C2sp 3 HO such that 
E(AOIHO) = -14.63489 eV (15.57) 
For examples of E mag from previous sections: 

E (C2sp 3 ) = c, = c 3 = c 3 0.14803 eV (15.58) 

mag{ P) 3 r 3 3 (0.91771a 0 ) 3 3 

(G2/>) = c 3 * m f* = c 3 *?3±d£- = c 3 0.1 1441 (15.59) 



10 



£ (JV2/>) = c 3 = c **f*of4 = ^0.14185 (15.60). 

^ 3 r 3 3 (0.93084a 0 ) 3 3 



341 . The system of claim 340, wherein in the general case of the solution of an organic 
functional group, the geometric bond parameters are solved from the semimajor axis and 
the relationships between the parameters by first using Eq. (15.42) to arrive at a , the 
15 remaining parameters are determined using Eqs. (15.1-15.5), the energies are given by 

Eqs. (15.52-15.59), and to meet the equipotential condition for the union of the H 2 -type- 
ellipsoidal-MO and the HO or AO of the atom of a functional group, the factor c 2 of a 
H 2 -type ellipsoidal MO in principal Eqs. (1 5.42) and (1 5.52) may given by 



20 (i) one: 

c 2 =l (15.61) 



(ii) the ratio that is less than one of 13.605804 eV , the magnitude of the Coulombic 
energy between the electron and proton of H given by Eq. (1 .243), and the magnitude of the 
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Coulombic energy of the participating AO or HO of the atom, E CouloMb {MO.atom,msp z } 
given by Eqs. (15.19) and (15.31-15.32). For \E Coulomb (MO.atotn,m$p 3 )\> 13. 605804 eV : 

e 2 



%ne Q cu 13.605804 eV „ - 

c 2 = = -j -rr (15.62) 

1 \Ecouiomb {MO.atom,msp J 



For 



Ecouiomh (MO.atom,tnsp 3 )\ <13.605804 eV : 
Ecouiomb (MOatom, msp 3 )| 



e 2 



_ *K e 0 r A -B AorBsp 3 __ 
C 2 " 2 



13.605804 



(15.63) 



(iii) the ratio that is less than one of 13.605804 eV 9 the magnitude of the Coulombic 
energy between the electron and proton of H given by Eq. (1 .243), and the magnitude of the 
valence energy, E(yalence) , of the participating AO or HO of the atom where Eiyalence) is 

10 the ionization energy or E^MO.atom, msp 3 ) given by Eqs. (15.20) and (15.31-15.32). For 
\E(yalence)\>13. 605804 eV : 



87T£ Q a Q 13.605804 eV 

= r (15.64) 



e 2 \E(yalence)\ 

S7rs o r A „ BAorBsp 3 

For \E{valence)\ <13.605804 eV : 



e 2 



8 ™o r A-B AorBs P > = \Ejyalence)\ 
e 2 13.605804 eV 

$7t;e 0 a 0 



15 



(iv) the ratio that is less than one of the magnitude of the Coulombic energy of the 
participating AO or HO of a first atom, E Coulomb i^MO. atom, msp 3 ) given by Eqs. (15.19) and 
(15.3 1-1 5.32), and the magnitude of the valence energy, Eiyalence) , of the participating AO 
or HO of a second atom to which the first is energy matched where Eiyalence) is the 
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ionization energy or E{MO.atom,msp 3 ^ given by Eqs. (15.20) and (15.31-15.32). For 



E couiomb {MO. atom, msp 3 )| > Eiyalence) : 

c 2=1 lf VaW) ' - } (15.66) 

Ecouiomb (MO.atom,msp 3 )\ 



For E Coulomb (MO.atom, msp 1 )| < Eiyalence) : 

5 c \ Ec <"" 0 ""> ( MO - atom > ms P 3 )\ 

2 \E(valence)\ 

(v) the ratio that is less than one of the magnitude of the valence-level energies, 
E n (yalence) , of the AO or HO of the nth participating atom of two that are energy matched 

where Eiyalence) is the ionization energy or E [MOxitom, msp 1 ) given by Eqs. (15.20) and 

10 (15.31-15.32): 

E 2 (yalence) 

(vi) the factor that is the ratio of the hybridization factor c 2 (l) of the valence AO or 
HO of a first atom and the hybridization factor c 2 (2) of the valence AO or HO of a second 

15 atom to which the first is energy matched where c 2 (n) is given by Eqs. (15.62-15.68); 
alternatively c 2 is the hybridization factor c 2 (l) of the valence AOs or HOs a first pair of 
atoms and the hybridization factor c 2 (2) of the valence AO or HO a third atom or second 
pair to which the first two are energy matched: 

20 

(vii) the factor that is the product of the hybridization factor c 2 (l) of the valence AO 
or HO of a first atom and the hybridization factor c 2 (2) of the valence AO or HO of a second 
atom to which the first is energy matched where c 2 (n) is given by Eqs. (15.62-15.69); 
alternatively c 2 is the hybridization factor c 2 (l) of the valence AOs or HOs a first pair of 
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atoms and the hybridization factor c 2 (2) of the valence AO or HO a third atom or second 
pair to which the first two are energy matched: 
c 2 =c 2 (l)c 2 (2) (15.70) 

The hybridization factor c 2 corresponds to the force constant k (Eqs. (1 1.65) and (13.58)). 
5 In the case that the valence or Coulombic energy of the AO or HO is less than 13.605804 eV 9 
the magnitude of the Coulombic energy between the electron and proton of H given by Eq. 
(1.243), then C 2 corresponding to V (Eq. (15.1)) is given by Eqs. (15.62-15.70). 

342. The system of claim 341 , wherein specific examples of the factors c 2 and C 2 of a 
10 ff 2 -type ellipsoidal MO of Eq. (15.51) given in following sections are 

/ . \ e(C,2sv 3 ) f , x -14 63489 eV , v 

c, (cisp'HO ,o F) = \ {F * ; c 2 (C2sp'HO) = -l±|f|^(0.91771) = 0.77087 ; 

C 2 (C2sp'HO ,o CI) = ^gf^ (CWHO) - ^ (0.91771) = 0.81317 ; 

c4C2VHO (oS ,) = ¥ g0 I caC2 J yHO) = iH^(O.9177.) = O.74O81 ; 

^^ m>, )-^( (Vg, )- -S)r (M ' m) - aa8i7i 



15 



20 



c(atfHO to 0) = i g^c4C2^ 0 ) = 5i||Mf (0.91771) = 0.85395 ; 

2V ; E(C,2sp 3 ) -15.35946 eV 

c 2 (Clsp'HO to N) = , E ( N \s C 2 (Clsp'HO) = ^ (°- 91771 ) = 091 140 > 

n ' E(C,2sp 3 ) K ' -14.63489 eV K ' 

Ci{Hto 2<w) . £W -14.53414 eK = 
" ' E(c,2sp') -15.56407 

C,( S 3p ,o «) = > - - 1036001 ^ - 0.76144 ; 

2V ' -13.60580 

cAdsp'HO to SU , E W ^ c 2 (C2sp 3 HO) = - 1036001 &V (0.91771) = 0.64965 ; 
n ^ ; #(c,2sp 3 ) 1 ' -14.63489 eF v y 
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^2 



[O to S3sp 3 to C2sp 3 HO) = ^^c 2 (C2sp 3 HO) 



-13.61806.F 
-10.36001 eV K J 
a .20632 



{s3sp >) = E ^( S3 f) = -"-57099 eV = 
\ F) E(H) -13.60580 eV 



1(H) 

, \ E(S,3sp 3 ) , , v- 
C 2 (S3sp 3 to O to C2sp 3 ffO) = ^ v 2 ^^ ; c 2 (C2sp 3 /K>) 

-11.52126 



-13.61806 
= 0.77641 



(0.91771) ; 



-13.61806 eF, 



(O to 7V2/> to C2sp 3 HO) = -^^c 2 (C2sp 3 HO) 

:(0.91771); 



-14.53414 eF 
= 0.85987 



^2 



v c 2 (C2sp 3 HO to N) 0.91140 

(N2pto 02p) = ^± f = =1.06727; 

^ ^ P) c 2 (C2sp 3 HOtoO) 0.85395 



C 2 (benzeneC2sp 3 HO) = c 2 (benzeneC2sp 3 HO) = ^f^^y = 0.85252 ; 



c 2 



(arylC2sp 3 HO to O) = f ^ 3 , c 2 (arylC2sp 3 HO) 



= -13.61806 

-14.63489 eF v ' 
= 0.79329 



,• E ( N ) -14.53414 eV 

c 2 (H to anlme N) = . v J = , g „^ 0 Tr = 0.92171 , 
2V ' E(C,2sp 3 ) -15.76868 eV 

(arylC2sp 3 HO to N) = "^7^~ij c 2 (arylC2sp 3 HO) 



; -14.53414 g F 
-14.63489 eF v ' 
0.84665 
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(ti , r Art -14.53414 eV nool71 

c, (if to anline N)= — , ,\ = = 0.92171 

2V ' E{C,2sp 3 ) -15.76868 eV 

c 2 (arylC2sp i HO to N)= /^ 3 \ C 2 (arylC2sp 3 HO) 



-14.53414 
~ -14.63489 eV 
= 0.84665 



(0.85252) 



and 



2\ v j j* *> j E (c^2sp 3 ) -15.76868 eV 

5 wherein the calculated and measured values and constants recited in the equations herein 
can be adjusted, for example, up to ± 10%, if desired. 



343. The system of claim 1 , wherein the parameters of the point of intersection of each 
H 2 -type ellipsoidal MO and the A -atom AO are determined from the polar equation of 
10 the ellipse: 

1 + e 



r = r n 



l + ecos#' 



(15.71). 



344. The system of claim 343 3 wherein the radius of the A shell is r A , and the polar radial 
coordinate of the ellipse and the radius of the A shell are equal at the point of intersection 
15 such that 

c % 

— (15.72). 



1 + 

r A ={a-c<) -A 



1 +— cos#' 
a 



345. The system of claim 344, wherein the polar angle 9 ' at the intersection point is given 
by 



20 



<9' = cos 



-l 



1 + - 



(15.73). 



J J 



346. The system of claim 345, wherein the angle 0 AAO the radial vector of the A AO 
makes with the internuclear axis is 



WO 2007/051078 

6^ O =18O°~0' 



970 

(15,74). 
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347, The system of claim 345, wherein the distance from the point of intersection of the 
orbitals to the internuclear axis is the same for both component orbitals such that the 

5 angle cot = 0 H%MO between the internuclear axis and the point of intersection of each H 2 - 
type ellipsoidal MO with the A radial vector obeys the following relationship: 
r A sm9 AAO =b$in0 HiMO (15.75) 
such that 

0 H2MO =sm i r « S ^ AAO (15.76). 

348. The system of claim 347, wherein the distance d HiMO along the internuclear axis from 
the origin of H 2 -type ellipsoidal MO to the point of intersection of the orbitals is given by 

= acos6 HxMO (15.77). 



15 349. The system of claim 347, wherein the distance d AA0 along the internuclear axis from 
the origin of the A atom to the point of intersection of the orbitals is given by 
d A Ao= c - d H 2 Mo (15.78). 

350. The system of claim 1, wherein in ACB MO comprising a linear combination of 
20 C-A -bond and C - B -bond MOs where C is the general central atom and a bond is 
possible between the A and B atoms of the C-A and C - B bonds, the ZACB bond 
angle is determined by the condition that the total energy of the H 2 -type ellipsoidal MO 
between the terminal A and B atoms is zero. 

25 351. The system of claim 350, wherein the force constant k s of a H 2 -type ellipsoidal MO 
due to the equivalent of two point charges of at the foci is given by: 

k< = ^ 2 e (15.79) 

Atvs q 

where C x is the fraction of the H 2 -type ellipsoidal MO basis function of a chemical bond of 
the specie which is 0.75 (Eq. (13.59)) for a terminal A- H {A is H or other atom) and 1 
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otherwise and C 2 is the factor that results in an equipotential energy match of the 

participating at least two atomic orbitals of the chemical bond and is equal to the 
corresponding factor of Eqs. (15.42) and (15.52). 

5 352. The system of claim 3 5 1 , wherein the distance from the origin of the MO to each 
focus of the A — B ellipsoidal MO is given by: 



3 54 . The system of claim 3 5 1 , wherein the length of the semiminor axis of the prolate 
spheroidal A-B MO b = c is given by Eq. (15.4). 

15 355. The system of claim 351, wherein the component energies and the total energy, 

E T {h^mo) , of the A - B bond are given by the energy equations (Eqs. (1 1 .207-1 1 .212), 
(1 1.213-1 1.217), and (1 1.239)) of H 2 except that the terms based on charge are 
multiplied by c BO , the bond-order factor which is 1 for a single bond and when the MO 
comprises r\ equivalent single bonds as in the case of functional groups. c BO is 4 for an 

20 independent double bond as in the case of the C0 2 and N0 2 molecules. 

356. The system of claim 355, wherein the kinetic energy term is multiplied by c \ Q which 
is 1 for a single bond, 2 for a double bond, and 9/2 for a triple bond, the electron energy 
terms are multiplied by c x , the fraction of the H 2 -type ellipsoidal MO basis function of a 

25 terminal chemical bond which is 0.75 (Eq. (13.233)) for a terminal A-H {A is H or 
other atom) and 1 otherwise. 




(15.80). 



353. The system of claim 351, wherein the internuclear distance is 



10 
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357. The system of claim 355, wherein the electron energy terms are further multiplied by 
4 , the hybridization or energy-matching factor that results in an equipotential energy 
match of the participating at least two atomic orbitals of each terminal bond. 

5 358. The system of claim 350, wherein when A-B comprises atoms other than H , 
E T {atom - atom, m$p s .AO^ , the energy component due to the AO or HQ's charge 
donation to the terminal MO, is added to the other energy terms to give E T {h 2 mo) : 



E T [h 2 mo] — 
(15.82). 



2c fln -c* In 1 



+ E T {atom - atom, msp 3 .AO^ 



10 



359. The system of claim 350, the radiation reaction force in the case of the vibration of 
A-B in the transition state corresponds to the Doppler energy, E D , given by Eq. 
(11.181) that is dependent on the motion of the electrons and the nuclei. 

1 5 360. The system of claim 359, wherein the total energy that includes the radiation reaction 
of the A-B MO is given by the sum of E t {h 2 mo) (Eq. (15.82)) and E osc given Eqs. 
(1 1 .213-1 1 .220), (1 1 .23 1-1 1 .236), and (1 1 .239-1 1 .240). 



361 . The system of claim 360, wherein the total energy E T (A-B) of the A-B MO 
20 including the Doppler term is 



E T (A-B) = 



<n& \ 2° bo ~ c 'bo~\ In— ~ - 1 
1 a ) a-c 



+ 



E T {atom - atom, msp*.A(f) 



1 + 



2h 



i 



" BO Ansa* 



m„ 



m„c 



1 



2 \ 



c^e 2 



C BO e 



-BO 



(15,83) 

where C lo is the fraction of the H 2 -type ellipsoidal MO basis function of the oscillatory 
transition state of the A - B bond which is 0.75 (Eq. (13.233)) in the case of H bonding to a 
25 central atom and 1 otherwise, C 2o is the factor that results in an equipotential energy match of 
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the participating at least two atomic orbitals of the transition state of the chemical bond, and 



m x m 2 



is the reduced mass of the nuclei given by Eq. (1 1.154). 



362. The system of claim 361, wherein to match the boundary condition that the total 
5 energy of the A-B ellipsoidal MO is zero, E T {A-B) given by Eq. (15.83) is set equal 
to zero and substitution of Eq. (15.81) into Eq. (15.83) gives 



0 = 



-e 



I2C.Q 



C \ C 2 ^ C BO € BO ' 



ln- 



a J 



1 + 
(15.84). 



2h 



i 



'BO 



C C e 



m 0 



mc 





aa Q 


2C,C 2 






2C,C 2 



+ E T {atom - atom, msp 3 .AO) 



2 



aa n 



2C,C 2 



10 363. The system of claim 362, wherein the vibrational energy-term of Eq. (15.84) is 

determined by the forces between the central field and the electrons and those between the 
nuclei (Eqs. (11.141-11.145)). 



364. The system of claim 362, wherein the electron-central-field force and its derivative 
15 are given by 



and 



r{a) = 2c BO -^^ (15.86) 



20 365. The system of claim 364, wherein the nuclear repulsion force and its derivative are 
given by 

%7vs 0 \a + c') 
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and 



y-.( a + c -) = „ 



(15.88) 



such that the angular frequency of the oscillation is given by 



i 



-3 



a 



/(«)-/'(«) 



'BO 



4?re 0 a 8^e 0 (a + c') 



(15.89). 



366. The system of claim 365, wherein since both terms of E osc = E D + E Kvlb are small due 

to the large values of a and c' , an approximation of Eq. (15.84) which is evaluated to 
determine the bond angles of functional groups is given by 



0 = 



1 2C t C 2 



2-^lln- 

a 





aa Q 








2C,C 2 



-1 



• E T [atom — atom, msp*.AO} 



1 + ' 









c r e 2 







mc 



c,e 2 




e 2 






8^e o <ar 3 


%7ue 0 






3 




2C X C 2 ^ 





10 



(15.90). 



15 



367. The system of claim 366, wherein from the energy relationship given by Eq. (15.90) 
and the relationship between the axes given by Eqs. (15.2-15.5), the dimensions of the 

A — B MO can be solved. 

368. The system of claim 367, wherein Eq. (15.90) is solved by the reiterative technique 
using a computer. 



369. The system of claim 366, wherein a factor c 2 of a given atom in the determination of 
20 c' 2 for calculating the zero of the total A-B bond energy is given by Eqs. (15.62-15.65). 
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370. The system of claim 369, wherein in the case of a H - H terminal bond of an alkyl 
or alkenyl group, c 2 is the ratio of c 2 of Eq. (15.62) for the H-H bond which is one and 

c 2 of the carbon of the corresponding C-H bond: 



5 wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 

371. The system of claim 366, wherein in the case of the determination of the bond angle 
of the ACH MO comprising a linear combination of C - A -bond and C - H -bond MOs 
10 where A and C are general, C is the central atom, and c 2 for an atom is given by Eqs. 
(15.62-15.70), c 2 of the A - H terminal bond is the ratio of c 2 of the A atom for the 
A-H terminal bond and c 2 of the C atom of the corresponding C-H bond: 



1 5 372. The system of claim 366, wherein in the case of the determination of the bond angle 
of the COH MO of an alcohol comprising a linear combination of C - O -bond and 
O-H -bond MOs where C , O , and H are carbon, oxygen, and hydrogen, respectively, 
c r 2 of the C-H terminal bond is 0.91771 since the oxygen and hydrogen atoms are at 
the Coulomb potential of a proton and an electron (Eqs. (1 .236) and (10. 162), 

20 respectively) that is energy matched to the Clsp 3 HO, wherein the calculated and 
measured values and constants recited in the equations herein can be adjusted, for 
example, up to ± 10%, if desired. 

373. The system of claim 366, wherein in the determination of the hybridization factor c\ 
25 of Eq. (15.90) from Eqs. (15.62-15.70), the Coulombic energy, E Coulomb (MO.atom,msp 3 ) , 




(15.91) 



c 2 (A(A-H)msp 3 ) 
c 2 {C{C-H){msp z ) 



(15.92). 




of the A or B AO or HO of the 



heteroatom of the A-B terminal bond MO such as the C2sp 3 HO of a terminal C - C 



WO 2007/051078 PCT/US2006/042692 

976 

bond is calculated using Eq. (1 5.32) by considering ]T E Tmgi {MO, 2sp 3 ) , the total energy 
donation to each bond with which it participates in bonding as it forms the terminal bond. 

374. The system of claim 373, wherein the Coulombic energy E Coulomb {MO.atom, msp 3 ) of 
5 the outer electron of the atom msp 3 shell is given by Eq. (15.19). 

375. The system of claim 374, wherein in the case that during hybridization, at least one of 
the spin-paired AO electrons is unpaired in the hybridized orbital (HO), the energy change 
for the promotion to the unpaired state is the magnetic energy E (magnetic) (Eq. (15.15)) 

10 at the initial radius r of the AO electron, and the energy E{MO.atom, msp 3 ) of the outer 

electron of the atom msp 3 shell is given by the sum of E Coulomb [MO.atom,msp 3 ^ and 
Eimagnetic) (Eq. (15.20)). 

376. The system of claim 365, wherein in the specific case of the terminal bonding of two 
15 carbon atoms, the c 2 factor of each carbon given by Eq. (15.62) is determined using the 

Coulombic energy E CoulQmb {c~C C2sp 3 ) of the outer electron of the C2sp 3 shell given 

by Eq. (15.19) with the radius r 3 of each C2sp 3 HO of the terminal C - C bond 

calculated using Eq. (15.32) by considering ]T E r ^ [MO,2sp 3 ) , the total energy donation 

to each bond with which it participates in bonding as it forms the terminal bond including 
20 the contribution of the methylene energy, 0.92918 eV (Eq. (14.513)), corresponding to 

the terminal C — C bond. The corresponding E T {atom - atom^msp 3 .AO} in Eq. (15.90) is 

E T (C-C C2sp 3 ) = -1 .85836 eV , wherein the calculated and measured values and 

constants recited in the equations herein can be adjusted, for example, up to + 10%, if 
desired. 



25 



377. The system of claim 366, wherein in the case that the terminal atoms are carbon or 
other heteroatoms, the terminal bond comprises a linear combination of the HOs or AOs; 
thus, c' 2 is the average of the hybridization factors of the participating atoms 
corresponding to the normalized linear sum: 
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c 2 =~( c 2 (atom l) + c' 2 (atom 2)) (15,93) 



In the exemplary cases of C-C 5 O-O, and N-N where C is carbon: 



2 2 



^ S^r^r^ a x AOIHO 



8^g Q a Q 



^^o r ^-^ a 2 aoiho J 



(15.94) 



13.605804 <?F 



13.605804 



^ I ^Coulomb 

(A-A^AO/HO) E Coulomb (A-A.A 2 AO/HO)_ 



hi the exemplary cases of C-N 9 C-O, and C-S, 

f _ „ 



2 2 



13.605804 



+ c 2 (C to 5) 



(15.95) 



where C is carbon and c 2 (C ro JS) is the hybridization factor of Eqs. (15.52) and (15.84) that 
matches the energy of the atom B to that of the atom C in the group. 



378. The system of claim 363, wherein the corresponding E T {atom - atom, msp 3 .AO) 

10 term in Eq. (15.90) depends on the hybridization and bond order of the terminal atoms in 
the molecule, but typical values matching those used in the determination of the bond 
energies (Eq. (15.56)) are 
E T (C-O C2sp 3 .02p) - -1.44915 eV ; E T (C-O C2sp 3 .02p) = -1.65376 eV ; 

E T {C-N C2sp\N2p) = -lAA915eV; E T (C-S C2sp 3 S2p) = -0.72457 eV ; 
15 E T (0-0 02p.02p) = -1.4491 5 eV ; E T (0-0 02p.02p) = -1.65376 eV \ 

E T (N-N N2p.N2p) = -1.44915 eV ; E T (N-O N2p.02p) = -1.44915 eV ; 

E T (F-FF2 p.F2 p) = -l .449 1 5 e V ; E T (CI - CI C/3 p.CB p) = -0.929 18 eV ; 

E T {Br- Br Br A p. Br A p) = -0.9291 8 eV ; E T (7 - 7 75 p.I5 p) = -0.36229 e V ; 

E T (C-F C2sp\F2p) = -1.85836 eV ; E T (C-Cl C2sp 3 .Cl3p) = -0.92918 eV; 
20 E T (C-Br C2sp\BrAp) = -0.72457 eV ; E T (C-I C2sp\l5p) = -0.36228 eV , and 

E r (O C/ 02p.Cl3p) — 0.92918 eV ^ w j iere ^ n calculated and measured values and 
constants recited in the equations herein can be adjusted, for example, up to + 10%, if desired. 
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379. The system of claim 366, wherein in the case that the terminal bond is X - X where 
X is a halogen atom, c x is one, and c' 2 is the average (Eq. (15.93)) of the hybridization 
factors of the participating halogen atoms given by Eqs. (15.62-15.63) where 

5 & coulomb [MO. atom, msp 3 ) is determined using Eq. (15.32) and 

E couhmb (MOjatom, msp 3 ) = 13.605804 eV for X = / . 

380. The system of claim 379, wherein the factor C x of Eq. (15.90) is one for all halogen 
atoms. 

10 

381. The system of claim 379, wherein the factor C 2 of fluorine is one since it is the only 
halogen wherein the ionization energy is greater than that 13.605804 eV 5 the magnitude 
of the Coulombic energy between the electron and proton of H given by Eq. (1 .243), 
wherein the calculated and measured values and constants recited in the equations herein 

1 5 can be adjusted, for example, up to + 1 0%, if desired. 

382. The system of claim 379, wherein for each of the halogens, CI , Br , and / , C 2 is 
the hybridization factor of Eq. (15.52) given by Eq. (15.70) with c 2 (l) being that of the 
halogen given by Eq. (15.68) that matches the valence energy of X (E l (valence)) to that 

20 of the C2sp 3 HO (E 2 (valence) = -14.63489 eV , Eq. (15.25)) and to the hybridization of 
Clsp 3 HO (c 2 (2) = 0.91771 , Eq. (13.430)), wherein the calculated and measured values 

and constants recited in the equations herein can be adjusted, for example, up to ± 10%, if 
desired. 

25 383. The system of claim 3 82, wherein E T {atom - atom, msp 3 .AO) of Eq. (1 5.90) is the 

maximum for the participating atoms which is -1.44915 eV , -0.92918 eV , 
-0.92918 eV , and -0.33582 eV for F , CI , Br , and / , respectively, wherein the 
calculated and measured values and constants recited in the equations herein can be 
adjusted, for example, up to + 10%, if desired. 
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3 84. The system of claim 366, wherein in the case that the terminal bond is C - X where 
C is a carbon atom and X is a halogen atom, the factors c x and C x of Eq. (15.90) are 
one for all halogen atoms. 

5 385. The system of claim 384, wherein for X = F , c 2 is the average (Eq. (15.95)) of the 

hybridization factors of the participating carbon and F atoms where c 2 for carbon is 

given by Eq. (15.62) and c 2 for fluorine matched to carbon is given by Eq. (15.70) with 

c 2 (l) for the fluorine atom given by Eq. (1 5.68) that matches the valence energy of F 

(E l (valence) = -17.42282 eV) to that of the C2sp 3 HO (E 2 (valence) = -14.63489 eV 9 

10 Eq. (15.25)) and to the hybridization of C2sp 3 HO (c 2 (2) = 0.91771 , Eq. (13.430)), 

wherein the calculated and measured values and constants recited in the equations herein 
can be adjusted, for example, up to ± 10%, if desired, 

386. The system of claim 385, wherein the factor C 2 of fluorine is one since it is the only 

15 halogen wherein the ionization energy is greater than that 13.605804 eV , the magnitude 
of the Coulombic energy between the electron and proton of H given by Eq. (1 .243), 
wherein the calculated and measured values and constants recited in the equations herein 
can be adjusted, for example, up to ± 10%, if desired. 

20 387. The system of claim 385, wherein for each of the other halogens, CI , Br , and / , c 2 

is the hybridization factor of the participating carbon atom since the halogen atom is 
energy matched to the carbon atom. 

388. The system of claim 387, wherein the C 2 of the terminal-atom bond matches that 
25 used to determine the energies of the corresponding C - X -bond MO. 

389. The system of claim 388, wherein C 2 is the hybridization factor of Eq. (15.52) given 
by Eq. (15.70) with c 2 (l) for the halogen atom given by Eq. (15.68) that matches the 
valence energy of X (E l (valence) ) to that of the C2sp 3 HO 

30 (E 2 (valence) = -14.63489 eV , Eq. (15.25)) and to the hybridization of C2sp 3 HO 



WO 2007/051078 PCT/US2006/042692 

980 

(c 2 (2) = 0.91771 , Eq. (13.430)), wherein the calculated and measured values and 

constants recited in the equations herein can be adjusted, for example, up to ± 10%, if 
desired. 

5 390. The system of claim 385, wherein E T [atom - atom, msp\AO^j of Eq. (15.90) is the 

maximum for the participating atoms which is -1.85836 eV , -0.92918 eV , 
-0.72457 eV , and -0.33582 eV for F 9 CI 9 Br , and / , respectively, wherein the 
calculated and measured values and constants recited in the equations herein can be 
adjusted, for example, up to ± 10%, if desired. 

10 

391 . The system of claim 385, wherein in the case that the terminal bond is H -X 
corresponding to the angle of the atoms HCX where C is a carbon atom and X is a 
halogen atom, the factors c x and C l of Eq. (15.90) are 0.75 for all halogen atoms. 

15 392. The system of claim 385, wherein for X = F , c 2 is given by Eq. (15.69) with c 2 of 
the participating carbon and F atoms given by Eq. (15.62) and Eq. (15.65), respectively. 

393. The system of claim 392, wherein the factor C 2 of fluorine is one since it is the only 
halogen wherein the ionization energy is greater than that 13.605804 eV , the magnitude 

20 of the Coulombic energy between the electron and proton of H given by Eq. (1 .243), 

wherein the calculated and measured values and constants recited in the equations herein 
can be adjusted, for example, up to ± 10%, if desired. 

394. The system of claim 393, wherein for each of the other halogens, Cl , Br , and I , c' 2 
25 is also given by Eq. (15.69) with c 2 of the participating carbon given by Eq. (15.62) and 

c 2 of the participating X atom given by c 2 = 0.91771 (Eq. (13.430)) since the X atom is 
energy matched to the C2$p 3 HO. 

395. The system of claim 394, wherein C 2 is given by Eq. (15.65) for the corresponding 
30 atom X where C 2 matches the energy of the atom X to that of H . 
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396. The system of claim 366, wherein the distance between the two atoms A and B of 
the general molecular group A CB when the total energy of the corresponding A-B MO 
is zero, the corresponding bond angle can be determined from the law of cosines: 

s t 2 + s 2 2 - 2*y 1 5' 2 cosme 6 = s 2 (15.96). 

5 

397. The system of claim 396, wherein with s x = 2c' c _ A , the internuclear distance of the 
C-A bond, s 2 = 2c f c „ B , the internuclear distance of each C - B bond, and s 3 = 2c , 
the internuclear distance of the two terminal atoms, the bond angle #^ Ci? between the 
C-A and C - B bonds is given by 

10 (2c' c _ A ) 2 +(2c' c _ B f -2(2c' c _J(2c' c _ B )cosme0 = {2c\_ B f (15.97) 



&ZACB = COS 



-1 



^ (2c^) 2 + (2c^) 2 -(2c^)^ 
2(2c^)(2c' c „ 5 ) 



(15.98). 



398. The system of claim 397, wherein the structure C b C a (O a )O b wherein C a is bound to 
C b , O a ? and O b , the three bonds are coplanar and two of the angles are known, say 0 X 

1 5 and 9 2 , then the third 0 3 can be determined geometrically: 
03 =360-^-02 (15.99) 

399. The system of claim 397, wherein in the general case that two of the three coplanar 
bonds are equivalent and one of the angles is known, say 0 X , then the second and third can 

20 be determined geometrically: 

^ = (360-4) (15100) 

400. The system of claim 1, wherein in the general case where the group comprises three 
A-B bonds having B as the central atom at the apex of a pyramidal structure formed by 

25 the three bonds with the A atoms at the base in the xy-plane. 



401. The system of claim 400, wherein the C 3v axis centered on B is defined as the 
vertical or z-axis, and any two A-B bonds form an isosceles triangle, and the angle of 
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the bonds and the distances from and along the z-axis are determined from the 
geometrical relationships given by Eqs. (13.412-13.416): 
the distance d origin _ B from the origin to the nucleus of a terminal B atom is given by 

«~ < i5 - ioi) 

5 the height along the z-axis from the origin to the A nucleus d height is given by 



d height = A/(2c^ B ) 2 -(^„_ fl ) 2 , and (15.102) 
the angle 0 V of each A- B bond from the z-axis is given by 



ft, = tan 



-i 



f d ^ 

origin— B 
\ ^-height J 



(15.103). 



10 402. The system of claim 401, wherein in the case where the central atom B is further 
bound to a fourth atom C and the B-C bond is along the z-axis. Then, the bond 
given by Eq. (14.206) is 

e^ BC =\m-e v (15.104). 

15 

403. The system of claim 400, wherein in the plane defined by a general AC A MO 
comprising a linear combination of two C - A -bond MOs where C is the central atom, 
the dihedral angle 0 ZBCUCA between the ACA -plane and a line defined by a third bond 
with C , specifically that corresponding to a C- B -bond MO, is calculated from the bond 

20 angle 0^ C4 and the distances between the A,B, and C atoms. 

404. The system of claim 403, wherein the distance d 1 along the bisector of 6^ 01 from 
C to the internuclear-distance line between A and A , 2c } A _ A , is given by 

d x =2c } c _ A cos-^p- (15.105) 

25 where 2c } C _ A is the internuclear distance between A and C . 



405. The system of claim 404 ? wherein the atoms A, A, and B define the base of a 
pyramid. 
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406. The system of claim 405, wherein the pyramidal angle 9 zABA can be solved from the 
internuclear distances between A and A , 2c X A _ A , and between A and B ? 2c \ 4 _ B , using 
the law of cosines (Eq. (15.98)): 



(2cy 5 ) 2 + (2cV,) 2 -(2cy,) 
2(2c^)(2c'^) 



2>l 



(15.106), 



407. The system of claim 406, wherein the distance d 2 along the bisector of 9^ BA from B 
to the internuclear-distance line 2c\_ A , is given by 



^ 2 =2c*^cos%^ (15.107). 



2 
10 

408. The system of claim 407, wherein the lengths d 19 d 2 , and 2c } C _ B define a triangle 
wherein the angle between d l and the internuclear distance between B and C , 2c ' c _ 5 , is 
the dihedral angle & ZBCfACA that can be solved using the law of cosines (Eq. (15.98)): 



&ZBC/ACA - COS 1 



d 2 x +(2c< c _ B ) 2 -dl 
2d l {2c\_ c ) 



(15.108). 



15 

409. The system of claim 1 5 wherein the specie are solved using the solutions of organic 
chemical functional groups as basis elements wherein the structures and energies where 
linearly added to achieve the molecular solutions, each functional group can be treated as 
a building block to form any desired molecular solution from the corresponding linear 
20 combination, each functional group element was solved using the atomic orbital and 

hybrid orbital spherical orbitsphere solutions bridged by molecular orbitals comprised of 
the H 2 -type prolate spheroidal solution given in the Nature of the Chemical Bond of 

Hydrogen-Type Molecules section, the energy of each MO was matched at the HO or AO 
by matching the hybridization and total energy of the MO to the AOs and HOs, the energy 
25 E mag (e.g. given by Eq. (15.58)) for a C2sp 3 HO and Eq.(15.59) for an Olp AO) was 
subtracted for each set of unpaired electrons created by bond breakage. 
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410. They system of claim 409, wherein the bond energy is not equal to the component 
energy of each bond as it exists in the specie, although, they are close. 

411. The system of claim 409, wherein the total energy of each group is its contribution to 
5 the total energy of the specie as a whole. 

412. The system of claim 409, wherein the determination of the bond energies for the 
creation of the separate parts must take into account the energy of the formation of any 
radicals and any redistribution of charge density within the pieces and the corresponding 

10 energy change with bond cleavage. 

413 . The system of claim 409, wherein the vibrational energy in the transition state is 
dependent on the other groups that are bound to a given functional group, which will 
effect the functional-group energy, however because the variations in the energy based on 

1 5 the balance of the molecular composition are typically of the order of a few hundreds of 
electron volts at most, they are neglected. 

414. The system of claim 409, wherein the energy of each functional-group MO bonding to 
a given carbon HO is independently matched to the HO by subtracting the contribution to 

20 the change in the energy of the HO from the total MO energy given by the sum of the MO 

contributions and E(C,2sp*) = -14.63489 eV (Eq. (13.428)). 

415. The system of claim 409, wherein the intercept angles are determined from Eqs. 
(15.71-15.78) using the final radius of the HO of each atom. 

25 

416. The system of claim 409, wherein a final carbon-atom radius is determined using Eqs. 
(15.32) wherein the sum of the energy contributions of each atom to all the MOs in which 
it participates in bonding is determined. 

30 417. The system of claim 416, wherein the final radius is used in Eqs. (15.19) and (15.20) 
to calculate the final valence energy of the HO of each atom at the corresponding final 
radius. 



WO 2007/051078 PCT/US2006/042692 

985 

418. The system of claim 417, wherein the radius of any bonding heteroatom that 
contributes to a MO is calculated in the same manner, and the energy of its outermost 
shell is matched to that of the MO by the hybridization factor between the carbon-HO 
energy and the energy of the heteroatomic shell. 

5 

419. The system of claim 416, wherein the donation of electron density to the AOs and 
HOs reduces the energy. 

420. The system of claim 419, wherein the donation of the electron density to the MO's at 
10 each AO or HO is that which causes the resulting energy to be divided equally between 

the participating AOs or HOs to achieve energy matching. 

421 . The system of claim 1, wherein the molecular solutions are used to design synthetic 
pathways and predict product yields based on equilibrium constants calculated from the 

1 5 heats of formation. 

422. The system of claim 1, wherein the new stable compositions of matter are predicted as 
well as the structures of combinatorial chemistry reactions. 

20 423. The system of claim 1, wherein pharmaceutical applications include the ability to 

graphically or computationally render the structures of drugs that permit the identification 
of the biologically active parts of the specie to be identified from the common spatial 
charge-density functions of a series of active species. 

25 424. The system of claim 1, wherein novel drugs are designed according to geometrical 

parameters and bonding interactions with the data of the structure of the active site of the 
drug. 

425. The system of claim 1 , wherein to calculate conformations, folding, and physical 
30 properties, the exact solutions of the charge distributions in any given specie are used to 
calculate the fields, and from the fields, the interactions between groups of the same 
specie or between groups on different species are calculated wherein the interactions are 
distance and relative orientation dependent. 
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426. The system of claim 425, the fields and interactions can be determined using a finite 
element-analysis approach of Maxwell's equations. 



427. The system of claim 1, wherein in the case where three sets of C = C -bond MOs 
form bonds between the two carbon atoms of each molecule to form a six-member ring 
such that the six resulting bonds comprise eighteen paired electrons, and each bond 

comprises a linear combination of two MOs wherein each comprises two C2sp 3 HOs and 
75% of a H ,-type ellipsoidal MO divided between the C2sp 3 HOs: 



10 



3(2 C2sp 3 + 0.75 H 2 MOy> 3 ethylene - type - bond MO 

\~> 6\C=CJ- bond MO of benzene 



(15.142). 



428. The system of claim 427, wherein the linear combination of each H 2 -type ellipsoidal 
MO with each C2sp 3 HO further comprises an excess 25% charge-density contribution 
per bond from each C2$p 3 HO to the C = C -bond MO to achieve an energy minimum. 



15 429. The system of claim 427, wherein the dimensional parameters of each bond C = C - 
bond are determined using Eqs. (15.42) and (15.1-15.5) in a form that are the same 
equations as those used to determine the same parameters of the C = C -bond MO of 
ethylene (Eqs. (14.242-14.268)) while matching the boundary conditions of the structure 
of benzene. 

20 

430. The system of claim 427, wherein hybridization with 25% electron donation to each 
C = C -bond gives rise to the C bgmene 2sp z HO-shell Coulombic energy 

E Coalomb (C bemene ,2sp 3 ) given by Eq. (14.245). 

25 43 1 . The system of claim 427, wherein to meet the equipotential condition of the union of 
the six C2$p 3 HOs, c 2 and C 2 of Eq. (15.42) for the aromatic C=C -bond MO is given 
by Eq. (15.62) as the ratio of 15.95955 eV , the magnitude of E Coulomb (C befJ2ene ,2sp 3 ) (Eq. 
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(14.245)), and 13.605804 eV , the magnitude of the Coulombic energy between the 
electron and proton of H (Eq. (1.243)): 

C 2 (benzeneC2sp 3 HO)= c 2 (benzeneClsp* HO)= ^f^g^^y = 0.85252 (15.143) 

wherein the calculated and measured values and constants recited in the equations herein can 
5 be adjusted, for example, up to ± 10%, if desired. 

3e 

432. The system of claim 427, wherein the energies of each C=C bond of benzene are 
determined using the same equations as those of ethylene (Eqs. (14.251-14.253) and 
(14.319-14.333) with the parameters of benzene. 

10 

3e 

433 . The system of claim 427, wherein ethylene serves as a basis element for the C= C 

3e 

bonding of benzene wherein each of the six C=C bonds of benzene comprises 
(0.75)(4)= 3 electrons according to Eq. (15.142). 

15 434. The system of claim 427, wherein the total energy of the bonds of the eighteen 

electrons of the C=C bonds of benzene, E T (g 6 H 6 ,C=C^, is given by (6)(0.75) times 

E t+o SC ( c = C ) ( Ec l- (14.492)), the total energy of the C=C -bond MO of benzene 
including the Doppler term, minus eighteen times Z?(c,2sp 3 ) (Eq. (14.146)), the initial 

3e 

energy of each C2sp 3 HO of each C that forms the C=C bonds of bond order two. 

20 

3e 

435. The system of claim 427, wherein the total energy of the six C=C bonds of benzene 
with three electron per aromatic bond given by Eq. (14.493) is 

E T (c 6 H 6 ,C=cj = (6X0.75> T+osc (C = c)- (c ,2sp 3 ) 

= (6)(0.75)(-66.05796 eV~)- 18(-14.63489 eV) (15.144) 
= -297.26081 eV - (-263.42798 eV) 
= -33.83284 eV 
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wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 

436. The system of claim 427, wherein the results of benzene can be generalized to the 
class of aromatic and heterocyclic compounds. E }w of an aromatic bond is given by 

E T (H 2 ^ (Eqs. (1L212) and (14.486)), the maximum total energy of each # 2 -type MO 



such that 
E 



^-31.63536831 evJ^^^-hJ^ 



(15.145), 



wherein the calculated and measured values and constants recited in the equations herein can 
10 be adjusted, for example, up to ± 10%, if desired. 

437. The system of claim 435, wherein the factor of 0.75 corresponding to the three 
electrons per aromatic bond of bond order two given in the Benzene Molecule (C 6 H 6 ) 
section modifies Eqs. (15.52-15.56). 



15 



438. The system of claim 437, wherein the multiplication of the total energy given by Eq. 
(15.55) by /j = 0.75 with the substitution of Eq. (15.145) gives the total energy of the 
aromatic bond: 



f E{basis energies) + E T (atom — atom,msp 3 .AO^ 



20 



E T (proup)= f x 



-31.63536831 eV 



i 



2M 



4xs o R 3 
1 ™ 



8 w4 



m c 



(15.146) 



wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to + 10%, if desired. 



439. The system of claim 427, wherein the total bond energy of the aromatic group 
25 E D ^oap) is the negative difference of the total energy of the group (Eq. (1 5. 146)) and the 
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total energy of the starting species given by the sum of c A E Mtua (c 4 AO/ HO^ and 
c^^AO/HO): 

E(basis energies) + E T (atom - atom, msp 3 .AO^ ^ 



E D (prou/?)= — 



fx 



-31.63536831 eV ] 



2h 



C, C. e 2 



4tv£ R 3 



m 



8w4 



m c 



J 



r(?A„ al ( AO 1 HO ) + c »*«-( c 5 AO 1 HO )) 

(15.147), wherein the calcvilated and measured values and constants recited in the 
5 equations herein can be adjusted, for example, up to ± 10%, if desired. 



440. The system of claim 427, wherein benzene is considered as comprising chemical 

bonds between six CH radicals wherein each radical comprises a chemical bond between 
carbon and hydrogen atoms, energy components of V e , V p , T, V m , and E T are the same 

as those of the hydrogen carbide radical, except that E T (c = C,2sp 3 ^ -L13379 eV (Eq. 

(14.247)) is subtracted from E T (CH) of Eq. (13.495) to match the energy of each 

C - if -bond MO to the decrease in the energy of the corresponding C2$p 3 HO, wherein 
the calculated and measured values and constants recited in the equations herein can be 
adjusted, for example, up to ± 10%, if desired. 



10 



15 



441 . The system of claim 440, wherein in the corresponding generalization of the aromatic 
CH group, the geometrical parameters are determined using Eq. (15.42) and Eqs. (15.1- 

15.5) with E T (atom - atom.msp 3 ,AO^~ -1 .13379 eV wherein the calculated and 

measured values and constants recited in the equations herein can be adjusted, for 
20 example, up to ± 10%, if desired. 

442. The system of claim 440, wherein the total energy of the benzene C-H -bond MO, 
E T (C-H), given by Eq. (14.467) is the sum of 0.5E T (c = C, 2sp 3 Y the energy 

benzene V S 

change of each C2sp s shell per single bond due to the decrease in radius with the 
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3e 

formation of the corresponding C=C -bond MO (Eq. (14.247)), and E T (ch\ the a 

benzene >■ S 

MO contribution given by Eq. (14.441). In the corresponding generalization of the 
aromatic CH group, the energy parameters are determined using Eqs. (15.146-15.147) 

-1.13379 eV 

2 

measured values and constants recited in the equations herein can be adjusted, for 
example, up to ± 10%, if desired. 



(>. -1.13379 eV 
atom - atom,msp 3 .AOj= — : — 9 wherein the calculated and 



443. The system of claim 442, wherein the energy contribution to the single aromatic CH 
bond is one half that of the C~C double bond contribution, which matches the energies 

3e 

10 of the CH and C=C aromatic groups, conserves the electron number with the equivalent 
charge density as that of s = 1 in Eqs. (15.18-15.21), and further gives a minimum energy 
for the molecule. 



3e 

444. The system of claim 443, wherein the breakage of the aromatic C= C bonds to give 
15 CH groups creates impaired electrons in these fragments that corresponds to c 3 = 1 in Eq. 

(15.56) with E mag given by Eq. (15.58). 

445. The system of claim 444, wherein each of the C-H bonds of benzene comprises two 
electrons according to Eq. (14.439). 

20 

446. The system of claim 445, wherein from the energy of each C - H bond, 

-E D ( 12 Ch} (Eq. (14.477)), the total energy of the twelve electrons of the six C - H 

benzene V s 

bonds of benzene, E T (C 6 H 6 ,C - if), given by Eq. (14.494) is 

E T (C 6 H 6 ,C-H)= (^E D _ n ( 12 C^))= 6(-3.90454 eV)= -23.42724 eV 

25 (15.148), wherein the calculated and measured values and constants recited in the 

equations herein can be adjusted, for example, up to + 10%, if desired. 
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447. The system of claim 440, wherein the total bond dissociation energy of benzene, 



5 wherein the calculated and measured values and constants recited in the equations herein can 
be adjusted, for example, up to ± 10%, if desired. 

448. The system of claim 447, wherein using the parameters given in Tables 15.214 and 
15.216 in the general equations (Eqs. (15.42), (15.1-15.5), and (15.146-15.147)) 

10 reproduces the results for benzene given in the Benzene Molecule (C 6 H 6 ) section as 
shown in Tables 15.214 and 15.216. 

449. A system of computing and rendering the nature of at least one specie selected from a 
group of diatomic molecules having at least one atom that is other than hydrogen, 

15 polyatomic molecules, molecular ions, polyatomic molecular ions, or molecular radicals, 
or any functional group therein, comprising physical, Maxwellian solutions of charge, 
mass, and current density functions of said specie, said system comprising: 

processing means for processing physical, Maxwellian equations representing charge, 
mass, and current density functions of said specie to produce at least one Maxwellian 
20 solution; and 

an output means for outputting the Maxwellian solution. 

450. The system of claim 449, further comprising a data transfer system for inputting 
numerical data into or out of a computational components and storage components of the 

25 , main system. 

45 1 . The system of claim 449, further comprising a spreadsheet containing solutions of the 
bond parameters with output in a standard spreadsheet format. 



E D (C 6 H 6 ), given by Eq. (14.495) is the negative sum of E T {C 6 H 6 ,C=Cj (Eq. 
(14.493)) and E T (C 6 # 6 ,C - h) (Eq. (14.494)): 




(15.149) 



= 57.2601 eV 
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452. The system of claim 451 5 further comprising a data-handling program to transfer data 
from the spreadsheets into the main program. 

5 453. The system of claim 449, wherein output may be at least one of graphical, simulation, 
text, and numerical data. 

454. The system of claim 453, wherein the output may be the calculation of at least one of: 
(1) a bond distance between two of the atoms; (2) a bond angle between three of the 

10 atoms; (3) a bond energy between two of the atoms; (4) orbital intercept distances and 
angles; and (5) charge-density functions of atomic, hybridized, and molecular orbitals, 
wherein the bond distance, bond angle, and bond energy are calculated from physical 
solutions of the charge, mass, and current density functions of atoms and atomic ions, 
which solutions are derived from Maxwell's equations using a constraint that a bound 

1 5 electron(s) does not radiate under acceleration 

455. The system of claim 449, wherein the charge, current, energy, and geometrical 
parameters are output to be inputs to other programs that can be used in further 
applications. 

20 

456. The system of claim 455, wherein the data of heats of formation can be input to 
another program to be used to predict stability (existence of compounds) equilibrium 
constants and to predict synthetic pathways. 

25 457. The system of claim 456, wherein novel composition of matters can be discovered by 
calculating at least one of a bond distance between two of the atoms, a bond angle 
between three of the atoms, and a bond energy between two of the atoms, orbital intercept 
distances and angles, charge-density functions of atomic, hybridized, and molecular 
orbitals, the bond distance, bond angle, and bond energy being calculated from physical 

30 solutions of the charge, mass, and current density functions of atoms and atomic ions, 
which solutions are derived from Maxwell's equations using a constraint that a bound 
electron(s) does not radiate under acceleration. 
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458. The system of claim 456, wherein the charge and current density functions can be 
used to predict the electric and magnetic fields of the species to determine other properties 
due to the interaction of the fields between species. 

5 459. The system of claim 458, wherein finite-element analysis is used to predict or 

calculate the interaction and resulting properties, such as the freezing point, boiling point, 
density, viscosity, and refractive index. 

460. The system of claim 449, wherein the output data can be used to give thermodynamic, 
10 spectroscopic, and other properties, aid in drug design and other applications with or 

without direct visualization. 

46 1 . The system of claim 449, wherein the data can be input into other programs of the 
system, which calculate thermodynamic and other properties, or performs a simulation, 

1 5 such as a chemical reaction or molecular dynamics. 

462 . A method of using any of the systems or compositions of matter of claims 1-461. 



463. 

20 



A use of any system or composition of matter of claims 1 -46 1 . 
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